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Status of Claims 

Claims 1-17 and 19-23 and 25-46 are pending in this application. These claims have all been 
rejected and are the claims on appeal. Claims 1 8 and 24 have been cancelled. 
Status of Amendments 

All amendments which Applicant has filed have been entered. 
Summary of Claimed Subject Matter 

There are four independent claims, which are claims 1, 14, 25 and 35, in the present 
application. Claims 1, 25 and 35 are method claims and claim 14 is a system claim, all of which are 
directed to the treatment varicose veins. 

Claim 1 reads as follows: 

"1. An endo venous method of treating a varicose vein comprising 
the step of using a laser having a wavelength between about 1 .2 
and about 1 .8 um to heat and shrink collagen in a varicosed vein to 
destroy the functionality of the varicose vein." 

This method is illustrated schematically in Figures 3A-6 and in more detail in Figures 7 and 

8. As described in paragraphs 47-50 of the application, the method comprises using a laser fiber 306 

(which has been deployed through dilator 300) into vein 202. This is described in paragraph 47 of 

the specification as follows: 



The use of a laser having a wavelength between about 1 .2 and about 1 .8 um is described in 
paragraph 52 as follows: 



"FIG. 3B is a representative view showing the use of the introducer 
or dilator 300 with the laser fiber 306 passing through the lumen 
302 of the dilator 300 and into the GSV (greater saphenous vein) 
202 ..." 
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"The 1.2 to 1.8 urn laser wavelengths are ideally suited to penetrate 
the small amount of remaining blood in the vessel 200 but also is 
much more strongly absorbed in the vessel wall 704 by collagen. 
Most of the energy is concentrated in the wall 704 for heating and 
shrinkage and is not transmitted through to surrounding tissue 



Claims 2-13, 26, 29, 32, 37 and 41 are dependent, directly or indirectly on claim 1. Claims 2, 
3, 6, 26, 29, 32, 37 and 41 are directly dependent upon claim 1. Claims 4 and 5 are dependent upon 
claim 3. Claims 7-9 and 12 are dependent upon claim 2. Claims 10-13 are dependent upon claim 9, 
Claim 2 recites the use of a fiber optic which is disclosed at page 13, line 19 and illustrated in Figure 
1 as element 106. Claims 3-5 are directed to the use of a puUback device which is disclosed at page 
13, line 19 and original claim 3 and illustrated in Figure 1 as element 104. Claim 6 recites the 
preliminary step of removing blood from a vein prior to treatment with laser energy, page 15, lines 
17 and 18. Claim 7 recites the use of an introducer catheter to introduce the fiber optic into the vein 
which is disclosed at page 14, lines 3-5 and illustrated in Figure 3B in which the introducer is shown 
as element 300. Claim 8 is directed to the use of a diffusing tip fiber optic which is disclosed at page 
18, line 4 through page 20, line 2 and illustrated in Figures 9A, 9B and 9C. Claims 10-13 are 
directed to the use of a thermal sensor which is described at page 16, line 13 through page 18, line 2 
and illustrated in Figure 6 in which the thermal sensor is shown as element 600. Claim 26 recites 
that the laser energy has a wavelength of about 1.32 um which is disclosed at page 12, line 23, page 
16, line 2, 20, line 16, page 20, line 24, page 22, line 5 and page 23, line 22, for example. The use of 
a NdrYAG laser is disclosed, for example, at page 16, line 1, page 24, line 2 and at page 22, line 25. 
Claim 32 recites that the laser energy preferentially heats the water in the wall of the vein which is 
disclosed at page 9 line, 10 and at page 23, lines 22 and 23, for example. Claim 41 is directed to 
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heating the target chromophore to a temperature not greater than 85° C which is disclosed at page 8, 



Claim 14 reads as follows: 

"14. A system for endo venous treatment of varicose veins 
comprising the following: 

A laser having a wavelength between about 1.2 and about 1.8 um; 
and 

A fiber optic laser delivery device having a proximal end and a 
distal end, for delivery of laser energy fi"om the distal end of the 

fiber optic laser delivery device to the inside wall of a varicose 
vein wherein the functionality of the varicose vein is destroyed and 
collagen in the varicosed vessel wall can be heated and shrunk." 

The system of claim 14 is illustrated in Figure 1 and in more detail in Figure 3B. In Figure 1, 

laser console 102 is illustrated and it is disclosed in paragraph 54 that laser 102 can be used to 

provide laser wavelengths in the 1.2 to 1.8 um region. In Figure 3B, the fiber optic laser device 306 

is illustrated and described in paragraph 47 as follows: 

"FIG. 3B is a representative view showing the use of the introducer 
or dilator 300 with the laser fiber 306 passing through the lumen 
302 of the dilator 300 and into the GSV (greater saphenous vein) 
202 ..." 

The function of this system to deliver energy to heat and shrink the collagen in the vessel 
wall is described as follows in paragraph 52: 



"The L2 to 1.8 um laser wavelengths are ideally suited to penetrate 
the small amount of remaining blood in the vessel 200 but also is 
much more strongly absorbed in the vessel wall 704 by collagen. 
Most of the energy is concentrated in the wall 704 for heating and 
shrinkage and is not transmitted through to surrounding tissue 



Claims 15-17, 19-23, 27, 30 and 33 are dependent, directly or indirectly, upon claim 14. 
Claims 15-17, 21, 27, 30 and 33 are directly dependent on claim 14. Claims 19 and 20 are 



line 14. 



702. 
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dependent on claim 17. Claim 22 is dependent on claim 21 and claim 23 is dependent on claim 23. 
Claim 15 recites a pullback device which is disclosed at page 13, line 19 and illustrated as element 
104 in Figure 1. Claim 16 recites the administration of anesthesia to cause swelling and 
compression of the tissue surrounding the varicose vein which is disclosed at page 14, lines 15-18 
and illustrated in Figure 7. Claim 17 recites an introducer catheter which is disclosed at page 14, 
lines 3-5 and illustrated in Figure 3B as element 300. Claims 19 and 20 recite a diffusing tip on the 
fiber optic which is disclosed at page 18, line 4 through page 20, line 2 and illustrated in Figures 9A, 
9B and 9C. Claims 21-23 recite a thermal sensor and temperature controller which are disclosed at 
page 16, line 13 through page 18, line 2 and illustrated in Figure 6. Claim 27 recites a laser having a 
wavelength of 1.32 um which is disclosed, for example, at page 12, line 23, page 16, line 2, page 20, 
line 24, page 22, line 25, page 23, line 22 and page 24, line 2. Claim 30 recites a Nd: YAG laser 
which is disclosed at page 16, line 1, page 22, line 25 and page 24, line 2. Claim 33 recites that the 
system is adapted to preferentially heat water which is disclosed, for example, at page 23, lines 22 
and 23 and illustrated in Figure 10. 
Claim 25 reads as follows: 



"25. An endovenous method of treating varicose veins with laser 
energy to heat and shrink collagen in the vein and to destroy the 
functionality of the varicosed vein, the method comprising the 
following steps: 

inserting a laser delivery device into the varicose vein; 

delivery laser energy having a wavelength between about 1.2 and 

about 1.8 um to the varicose vein; and 

retracting the laser delivery device through the varicose vein, 

thereby heating and shrinking the collagen in the vein and 

destroying the functionality of the varicose vein." 
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The first two steps of claim 25 are illustrated and described as set forth above with regard to 

claim 1. The step of retracting the laser delivery device is described in paragraph 51 as follows: 

"The catheter 32 is connected to a motorized pullback device 104 
either inside or outside of the sterile field 108 of the patient. The 
procedure begins by starting the pullback for about 2 or 3 mm and 
then turning the laser 1 02 on at about 5 watts of power. The 
pullback device is illustrated schematically in Figure 1 as element 
104. " 

Claims 28, 31 and 34 are each directly dependent on claim 25. Claim 28 recites that the laser 
has a wavelength of about 1.32 um as disclosed, for example, at page 23, line 22, page 12, line 33, 
page 16, line 2, page 22, line 5 and page 20, line 16. Claim 31 recites a Nd:YAG laser as disclosed 
at page 16, line 1. Claim 34 recites that the laser energy preferentially heats water as described at 
page 9, line 10 and at page 23, lines 22 and 23 and illustrated in Figure 10. 

Claim 35 reads as follows: 

"35. A method of treating varicose veins, comprising 

providing a beam of light comprising a wavelength in the range of 

about 1200 nm to about 1 800 nm; and 

delivering endovascularly the beam of light to target a 

chromophore comprising water in the wall of a targeted varicose 

vein to treat the vein." 

This method is illustrated in Figure 3B and is described in paragraph 47 as follows: 

"FIG. 3B is a representative view showing the use of the introducer 
or dilator 300 with the laser fiber 306 passing through the lumen 
302 of the dilator 300 and into the GSV (greater saphenous vein) 
202..." 

According to the preferred embodiment of the method and apparatus of the present invention. 

the method is fiirther described in paragraph 52 which states: 

"The 1 .2 to 1 .8 um laser wavelengths are ideally suited to penetrate 
the small amount of remaining blood in the vessel 200 but also is 
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702. 



Water absorption of laser energy in the region between about 1200 nm to about 1 800 nm is 
disclosed in paragraph 65 and is illustrated in Figure 10. In paragraph 65, it is stated: 



Claims 38-40 and 42-46 are dependent, directly or indirectly, on claim 35. Claims 38, 40, 44 
and 45 depend directly on claim 35. Claims 39 and 42 depend on claim 38, claim 43 depends on 
claim 42 and claim 46 depends on 45. Claim 38 is directed to the use of a fiber optic which is 
disclosed at page 13, lines 19 and 20 and illustrated in Figure 1 wherein element 106 is the fiber 
optic. Claim 39 recites the use of a diffusing tip which is disclosed at page 18, line 3 through page 
20, line 2 and illustrated in Figures 9A, 9B and 9C. Claim 40 recites that the treatment reduces the 
size of the varicose vein which is disclosed at page 20, lines 20-22. Claims 42 and 43 recite the use 
of a pullback device which is disclosed at page 13, lines 19 and 20, original claim 2 and illustrated 
in Figure 1 where the pullback machine is element 104. Claim 44 recites removing blood from the 
vein prior to treatment which is disclosed at page 14, line 20. Claim 45 recites the laser power of 1 
to 20 watts which is disclosed at page 15, lines 12 and 13. Claim 46 recites a power of 5 watts 
which is disclosed at page 15, line 12. 

With fiirther regard to the dependent claims, the fiber optic delivery device of claims 2, 14 
and 38 is illustrated as element 306 in Figure 3B and is described in paragraph 47. 



"It will further be observed that the region between about 1200 nm 
to about 1 800 nm shows low hemoglobin and higher water 
absorption, which is a key to the present invention." 
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The procedure of claim 5 in which the pullback device begins retraction of the fiber optic 
device prior to initiating delivery of the laser energy is disclosed in paragraph 5 1 . 

The use of a diffusing tip on the optical fiber recited in claims 8, 19 and 39 is illustrated in 
Figures 9A, 9B and 9C and is described in paragraphs 62, 63 and 64 as well as in paragraphs 59-61. 

The non-contact thermal sensor of claims 9 and 21 is described in paragraphs 55 and 56. 
Providing the fiber optic laser delivery device with a thermal sensing element as recited in claim 12 
is described in paragraph 55. 

The procedure of modulating the laser power based on the sensed temperature as recited in 
claims 13 and 23 is described in paragraph 55. 

The use of a laser having a wavelength of about 1.32 um as recited in claims 26-28 and 37 is 
disclosed in paragraph 53 and paragraph 79. 

The use of a Nd: YAG laser as recited in claims 29-3 1 is disclosed in paragraphs 53 and 54. 

The preferential heating of water in the wall of the vein as recited in claims 33-35 is 
disclosed in paragraphs 65 and 79. It is also disclosed in paragraph 21. 

The use of laser power between about 1 to about 20 watts as recited in claim 45 and the use of laser 
power of about 5 watts as recited in claim 46 is described in paragraph 5 1 . 

There are four independent claims, which are claims 1, 14, 25 and 35. Claims 1, 25 and 35 
are directed to a method of treating varicose veins and claim 14 is directed to a system for treating 
varicose veins. Method claims 1 and 25 and system claim 14 recite treatment using a laser having a 
wavelength between about 1.2 um (1200 nm) and about 1.8 um (1800 nm). Claim 35 recites a 
method using this range of wavelengths to target a chromophore comprising water in the wall of a 
targeted varicose vein. 
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The method of claims 1, 25 and 35 is illustrated schematically in Figures 3A-6- The method 
is illustrated in more detail in Figures 7 and 8. This method is described in paragraphs 47-50 of the 
application. The method comprises introducing a dilator 300 into the vein to be treated with the 
laser fiber 306 passing through a lumen 302 of the dilator 300 and into vein 202. Once the laser 
fiber is properly positioned, laser energy is passed therethrough at a wavelength of about 1.2 to about 
1 .8 um to preferentially heat the water in the wall of the vein rather than blood which maybe present 
in the vein. 

The use of a pull back device 104 is disclosed in paragraph 51 of the application. The use of 
the diffusers 902, 920 and 926 illustrated in Figures 9A-C is disclosed in paragraph 62-64 of the 
application. The use of thermal detector 600 is illustrated in Figure 6 and is described in paragraphs 
55-57 of the application. 

The system of claim 14 comprising a laser 102 and a fiber optic delivery device 306 is 
illustrated in Figures 1 and 3A-8. 

The preferential absorption of laser energy by the water in the wall of a targeted varicose 
vein recited in claim 35 is disclosed in paragraphs 21, 52, 65, 79, and FIG. 10 of the application. 
This localizes the heating caused by the laser energy in the vessel wall 704 thereby significantly 
inhibiting the heating of surrounding tissue 702 as described in paragraphs 22, 23, 52, and 79. 
Grounds of Rejection To Be Reviewed on Appeal 

Claims 1, 2, 6, 7, 25, 35-38, 40, 41 and 44-46 have been rejected under 35 U.S.C. § 103(a) as 
unpatentable over Goldman Patent No. 6,258,084 in combination with Sinofsky Patent No. 
5,196,004 and Dew Patent No. 4,854,320. Claims 3-5, 42 and 43 have been rejected under 35 
U.S.C. § 103(a) as being unpatentable over Goldman in combination with Sinofsky, Dew and Roth 
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Patent No. 5,207,672. Claims 8 and 39 have been rejected under 35 U.S.C. § 103(a) as being 
unpatentable over Goldman in combination with Sinofsky, Dew and Conn PCT Application No. WO 
92/17243. Claims 9-13 have been rejected under 35 U.S.C. § 103(a) as being unpatentable over 
Goldman, in combination with Sinofsky, Dew and Makower PCT Application No. WO 93/15664. 
Claims 14-17 and 20-23 have been rejected under 35 U.S.C. § 103(a) as being unpatentable over 
Makower, in combination with Roth and Dew. Claim 19 has been rejected as unpatentable over 
Makower, in combination with Dew, Roth and Conn. 

Claims 1, 2, 6, 7, 25, 35-38, 40, 41 and 44-46 have been rejected under 35 U.S.C. § 103(a) as 
unpatentable over Goldman Patent No. 6,258,084 in combination with Sinofsky Patent No. 
5,196,004 and Dew Patent No. 4,854,320. Claims 3-5, 42 and 43 have been rejected under 35 
U.S.C. § 103(a) as being unpatentable over Goldman in combination with Sinofsky, Dew and Roth 
Patent No. 5,207,672. Claims 8 and 39 have been rejected under 35 U.S.C. § 103(a) as being 
unpatentable over Goldman in combination with Sinofsky, Dew and Conn PCT Application No. WO 
92/17243. Claims 9-13 have been rejected under 35 U.S.C. § 103(a) as being unpatentable over 
Goldman, in combination with Sinofsky, Dew and Makower PCT Application No. WO 93/15664. 
Claims 14-17 and 20-23 have been rejected under 35 U.S.C. § 103(a) as being unpatentable over 
Makower, in combination with Roth and Dew. Claim 19 has been rejected as unpatentable over 
Makower, in combination with Dew, Roth and Conn. 
Evidence Appendix 

Applicant has submitted declarations under 37 CFR 1.132 together with exhibits. These 
declarations and exhibits are attached hereto as an evidence appendix in conformance with 37 CFR 
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41 .37(c)(l)(ix) as Appendix 2. This evidence was entered by the Examiner in the Office Action 
dated March 13, 2009. 
Historical Note 

This Appeal has something of an unusual history. This is not the first Appeal Brief to be 
filed in this application and the Office Action dated March 13, 2009, is not the first Final Rejection 
from which an Appeal has been taken. The earlier appeal never got past the Examiner's Answer 
stage because a new ground of rejection was raised in that Answer. 

There was an earlier Final Rejection dated February 12, 2007 from which Applicant appealed 
and filed an Appeal Brief on October 29, 2007 (which was objected to on formal grounds and 
Applicant filed a corrected appeal brief on November 28, 2007). Almost one year later, the 
Examiner filed an Examiner's Answer on November 13, 2008 stating that it was in response to an 
appeal brief filed "November 28, 2008" (sic), (November 28, 2007 was the actual date). This Board 
noted that the Examiner's Answer made a new ground of rejection and Applicant was given the 
option of requesting that prosecution be re-opened under 37 CFR 1.111. Applicant did request re- 
opening of prosecution and, on January 13, 2009, responded to the new ground of rejection set forth 
in the Examiner's Answer. This response included a Declaration of David R. Hennings dated 
December 22, 2008 (which was the second Hennings Declaration to be filed in this application) and 
the Declaration of Mitchel P. Goldman dated December 23, 2008, together with Exhibit 1 to the 
Hennings Declaration and Exhibits 1-3 to the Goldman Declaration. The Examiner then rendered 
another Final Rejection dated March 13, 2009 and it is this Final Rejection to which the present 
Appeal is directed. 
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The issues presented in this Appeal involve both (a) the usual comparison of the claims with 
the prior art and (b) the Examiner's refusal to give effect to the evidence submitted in support of 
patentability. Thus, we vnll first discuss the prior art rejections and why we believe they are 
erroneous and then discuss the extensive evidence which conclusively refutes the Examiner's 
positions and what we believe to be the Examiner's improper refusal to give this evidence the weight 
to which it is entitled. 
The Rejections Are In Error 

Claims 1, 2, 6, 7, 25, 35-38, 40, 41 and 44-46 have been rejected under 35 U.S.C. § 103(a) as 
unpatentable over Goldman '084 in combination with Sinofsky Patent No, 5,196,004 and Dew et al. 
Patent No. 4,854,320. Goldman is directed almost entirely to RF heating of varicose veins and 
contains only one throw-away sentence which mentions lasers at column 7, lines 53-59, and which 
says that "other forms of energy such as microwaves, ultrasound, direct current, unrelated heated 
fluid, radiant light, and lasers can be used. This single mention of lasers in Goldman is non- 
enabling and occurs only in the context of a listing of several possible alternatives to the use o RF 
energy, none of which are otherwise mentioned or enabled. 

The law relating to enablement, and the lack of it, makes it plain that making a passing 
reference to an alternate system does not constitute compliance with the enablement requirement of 
35 use 1 12. For example, in Sitrick v. Dreamworks, LLC. 516 F.3d 993 (Fed. Cir. 2008), the 
patent was directed to an intercept adapter interface system (lAIS) and a Controller 260C for 
integrating images into a predefined audio/visual presentation. The '825 patent-in-suit disclosed that 
"this invention relates to predefined video and audio/visual presentations such as movies and video 
games", but the remaining disclosure was directed in its entirety to video games and there was no 
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further disclosure relating to movies. At 516 F.3d 1000, the Court noted, "the specifications do 

not disclose how the lAIS or Controller 260C would function for movies" and went on to say that 

the "patents do not teach how to implement the internal 'intercept logic functioning' of Controller 

260C in the context of movies." The Federal Circuit then held, 516 F.3d 1002-03 that "all asserted 

claims of the '825 patent are not enabled." 

Similarly, in Auto. Techs. International v. BMW of N.Am., Inc. , 501 F.3d 1274, 1285 (Fed. 

Cir. 2007), the Federal Circuit said: 

"Disclosure of only mechanical side impact sensors does not permit one 
skilled in the art to make and use the invention as broadly as it was claimed, 
which includes electronic side impact sensors." 

The Federal Circuit's decision in Medtronic Navigation, Inc. v. Brainlab , 222 Fed. Appx. 952 

(Fed. Cir. 2007), which was not selected for publication in the Federal Reporter and is not 

precedential, nevertheless serves as a useful guide to the state of the law on enablement. In 

Medtronic , the patent was directed to an acoustic or ultrasound range finding system and to an 

electromagnetic position and orientation system to track the movement of an object, but also 

contained the statement: 

"An optical system can be used as an alternative to the acoustic system 
described earlier." 

There was no other disclosure relating to an optical system. The Federal Circuit held: 

"There is no enabling description of how to make and use an optical 
tracking system...." 

Thus, although Medtronic is not precedential, it is consistent with Sitrick with regarding to 
finding a lack of enablement when a specification contains nothing more than a single disclosure of 
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an Otherwise unmentioned alternative. So it is here. There is but a single word in Goldman relating 
to lasers without any further mention of such devices. 

As stated in Fiers v. Revel 984 F.2d 1 1 64, 1 1 7 1 (Fed. Cir. 1 993) such a minimal, non- 
enabling disclosure is "an attempt to preempt the future before it has arrived." 

Furthermore, we have the benefit of the acknowledgement of Goldman himself that the '084 

patent does not enable lasers or laser treatment of varicose veins. Goldman's own Declaration dated 

December 23, 2008, in paragraph 5, states: 

"The work upon which my Patent No. 6,258,084 is based 
involved only the use of tumescent anesthesia in the RF treatment 
of varicose veins and no work of any sort was done involving the 
use of lasers. Prior to filing the application which became Patent 
No. 6,258,084, we had no experience or knowledge which would 
permit us to enable the use of lasers to treat varicose veins. For 
example, we did not know which laser wavelengths might be 
useful nor did we know what power levels might be safe and 
effective." 

This is a direct and unequivocal statement by one of the inventors of the Goldman '084 
patent (who is also one of the inventors named in the present application) that his '084 patent is not 
enabling with regard to lasers. As we will discuss in more detail below, the Examiner, at pages 6 
and 7 of the Final Rejection, attempts to sidestep the Goldman Declaration by resorting to: 



1 . The totally irrelevant fact that claim 3 1 of the Goldman '084 patent does not 
recite tumescent anesthesia; 

2. A refusal to recognize that the word "we" in the Goldman Declaration refers 
to Goldman and his co-workers; and 

3. A seriously misguided attempt to find an inconsistency between the Goldman 
Declaration and the oath of inventorship in the '084 patent. 
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The Examiner's arguments are misplaced and unsupported. In brief: 

1 . The absence of a recitation of tumescent anesthesia in claim 3 1 of the '084 
patent has absolutely nothing to do with whether lasers are enabled; 

2. The word "we" in Goldman's Declaration plainly refers to Goldman and his 
co-workers on the subject matter of the '084 patent; and 

3. The Examiner has built a house-of-cards argument based on the inventors oath 
in the '084 patent because none of the original claims recited a laser!' Thus, there 
is absolutely no inconsistency between the inventors' oath in the '084 patent and the 
Goldman Declaration. Furthermore, even if the original claims did recite a laser, no 
court has ever mentioned an inventor's oath as having any consequence when making 
a determination regarding enablement. 

Thus, the Examiner's conclusion as stated at page 7 of the Final Rejection as follows: 

"Thus, weighing Declarant's statement, wherein Declarant 
holds a vested interest in the issuance of the instant application, 
against the evidence afforded by a signed declaration in a U.S. 
patent (which includes a presumption of operability), the examiner 
is not persuaded by Declarant's current stance, that the subject 
matter of the claims of the Goldman et al. ('084) is inoperable." 

is devoid of any support in the record. Furthermore, the issue is not the operability of the claims of 

the Goldman '084 patent, but rather the lack of enablement of lasers in the specification of that 

patent. 



Applicants ask that this Board take judicial notice of the original claims of the application which 
became the '084 patent. For the convenience of the Board, these claims are provided in the 
appendix to this brief. 



OHS Wesl:260725205.2 



15 



Applicant 
Appl. No. 
Examiner 
Docket No. 



David R. Hennings 
10/699,212 
David M. Shay 
15487.4002 



The '084 patent discloses nothing with regard to laser wavelengths or power levels. The 
choice of laser wavelengths is of crucial importance. Unlike conductive and connective heating, 
laser heating is highly selective and the laser will only heat materials which are a chromophore for a 
given wavelength, but not other materials which are not chromophores for that wavelength. The 
claims in the present application recite a wavelength of about 1200-1800 nm which was a departure 
from the prior laser treatment of varicose veins (which the Examiner has refused to regard as 
meaningful) such as Navarro Patent No. 6,398,777 which discloses the use of lasers having 
wavelengths of 500-1100 nm. 

Thus, merely mentioning lasers generally, as Goldman '084 does, leaves the reader entirely 
in the dark as to what lasers, with what wavelengths, for what chromophores might be tried in an 
effort to treat varicose veins. This is the very definition of undue experimentation. In addition, the 
type of laser, power levels and duration of treatment must also be determined requiring even more 
experimentation. Some of the factors to consider in the experimentation required to determine the 
type of laser, the laser wavelength, the power levels and dose duration for a given use are outHned in 
Sinofsky Patent No. 5,196,004, in cols. 2-5. 

This lack of disclosure in Goldman is also in contrast to the disclosure in Navarro Patent No. 
6,398,777,^ which is regarded by those in the art as representing the first use of lasers to treat 
varicose veins, which, at col. 5, lines 17-23, at col. 6, lines 13-18 and at col. 5, lines 45-49, discloses 
wavelengths of 50-1 100 nm, power levels of 5 to 20 watts and treatment duration of 0.2-10 seconds. 



2 

The Examiner has steadfastly and mysteriously refused to rely on the Navarro patent as a reference, 
see p. 3, lines 2-13, of the Final Rejection. 
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Thus, Navarro provides the type of disclosure which is entirely lacking in Goldman's '084 single 
nonenabling mention of lasers. 

Since Goldman '084 is nonenabling, the attempt to combine Sinofsky and Dew et al. with 
Goldman is an exercise in futility and the rejection of claims 1, 2, 6, 7, 25-38, 40, 41 and 44-46 over 
this combination of references cannot stand. 

Furthermore, even if Goldman '084 were enabling, this rejection would be in error because 
the secondary references do not remedy the deficiencies of Goldman and are completely unrelated to 
Goldman and to each other and cannot be properly combined. Goldman '084 relates to treatment of 
varicose veins, Sinofsky is directed to removal of atherosclerotic plaque and Dew et al. is concerned 
with wound healing. Goldman says nothing at all about laser wavelengths and thus gives no 
guidance with regard to the 1200-1800 nm range recited in the appealed claims. Nor does Goldman 
say anything with regard to choice of chromophores and has no appreciation of the different 
chromophore characteristics of the tissues and fluids associated with varicose veins or of the 
importance of those chromophore characteristics in choosing a laser having a desirable wavelength. 

Sinofsky, who discloses a preferred laser treatment of arterial plaque with laser energy in the 
range 1900-2100 nm (column 3, lines 15-19), also discusses the characteristics of various types of 
lasers and discloses tissue removal with laser energy in the range 1400-2200 nm (column 2, line 63). 
In fact, Sinofsky's discussion of lasers of different types with wavelengths ranging from 200-2200 
nm at columns 2-4 makes it clear that the selection of a wavelength suitable for a given target must 
include not only the absorption characteristics of the target, but also the absorption characteristics of 
materials which are not the target but which are in the path of the laser energy, to avoid unacceptable 
energy loss before the energy reaches the target. These characteristics must be taken into account, 
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but the Goldman '084 patent failed to even recognize this need, much less enable the choice of laser, 
choice of wavelength, etc. 

Dew et al. disclose the use of an NdiYAG laser tuned from its normal wavelength of 1064 
nm to its "secondary wavelength" of 1320 nm, coL 4, lines, 11-14, but not for varicose vein 
treatment and not for treatment of plaque, but rather for wound healing and tissue repair by 
solubilizing collagen. In addition, Dew's 1320 nm is outside Sinofsky's lower limit of 1400 nm, and 
Dew's range of 1200-1400 nm is adjacent to the 1400-2200 nm range of Sinofsky. There is no 
disclosure in Sinofsky of a Nd: YAG laser of any type and no disclosure of tuning such a laser to its 
secondary wavelength of 1320 nm. Thus, the wavelength choices in Sinofsky and Dew et al. are 
antithetical to each other, as are their respective targets, and these references cannot be properly or 
sensibly combined. 

Based on this gallimaufry of references, the Examiner states at p. 15 of the Final Rejection: 



"It would have been obvious to the artisan of ordinary skill 
to employ the wavelength of Dew et al. in the method of Goldman 
et al ('084) wince Goldman ('084) teach no particular wavelength, 
and since the wavelength of Dew et al. can destroy (denature) the 
proteins, but allow near normal tissue to take it's (sic) place. (See 
Dew et al., column 11, lines 37-44) and since this wavelength is 
highly absorbed as taught by Sinofsky, thus producing a method 
such as claimed." 



To state this proposition is to refute it. The notion that the failure of Goldman to provide any 
guidance with regard to wavelength leaves the Examiner free to pick any reference that discloses, for 
any purpose, a wavelength that comes within applicants' claimed range and combine it with 
Goldman demonstrates a very serious lack of reasoning and has no rational underpinning. Rather, 
the Examiner was motivated only by applicants' claims to attempt a reconstruction of applicant's 
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invention. To then toss Sinofsky into the pot for his teaching that plaque will absorb laser energy at 

1400-2200 nm (column 5, lines 17-21) adds a reference which has nothing to do with Goldman (or 

Dew et al.) and operates in a range which is essentially different from and antithetical to that of Dew 

et al., a difference which stems from the fact that the purpose and the target of Sinofsky are entirely 

different from those of Dew et al. 

Plainly, the Examiner has not made a prima facie case of obviousness by relying on such 

disparate references. In the time subsequent to the decision in KSR International v. Teleflex, Inc. , 

127 S.Ct. 1727, 82 USPQ2d 1385 (2007), this Board has repeatedly recognized that rejections 

should be reversed when the Examiner fails to articulate reasoning with a rational underpinning for 

combining the prior art. For example, in Ex Parte Erkey et al. . Appeal No. 20071375, decided May 

11,2007, this Board said: 

"We determine that the examiner has not provided a sufficient reason or 
explicit analysis of why the disclosures of the references should be combined." 

Similarly, in Ex Parte Crav^ord et al.. Appeal 20062429, decided May 30, 2007, this Board 

reversed a rejection and said: 

"We find no suggestion to combine the teachings and suggestions of [the 
references] as advanced by the examiner, except from using appellant's invention 
as a template through a hindsight reconstruction of appellant's claims." 

We submit that the Examiner in the present case has done precisely the same thing as the 

Examiner in Crawford . Furthermore, it is important to note that KSR cited the decision in In Re 

Kahn, 441 F.3d 977, 988 (Fed. Cir. 2006) with approval. In Kahn, the Federal Circuit stated: 

"[RJejections on obviousness grounds cannot be sustained by mere conclusory statements; 
instead there must be some articulated reasoning with some rational underpinning to support the 
legal conclusion of obviousness." 
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In the present case, the Examiner has provided neither articulate reasoning nor a rational 
underpinning to support his rejection. Rather, he has used the silence in Goldman with regard to 
laser wavelength as a blank check in his effort to reconstruct the claimed invention by relying on the 
unrelated disclosures of Sinofsky and Dew et al. 

Claims 3-5, 42 and 43 have been rejected as unpatentable under 35 U.S.C. § 103(a) over 
Goldman '084 in combination with Sinofsky, Dew and Roth. These claims recite a pull back device 
and Roth, in an entirely different context, also discloses a pull-back device. The most important 
point is that the Roth reference, which is directed to the treatment of benign prostate hypoplasia 
(BPH), does nothing to cure the deficiencies in the attempted combination of Goldman, Sinofsky and 
Dew et al. Furthermore, the Examiner provides no reasoning or rational underpinning for combining 
Roth with Goldman, Sinofsky and Dew et al. They are all directed to different fields of use. Thus, 
the rejection of these claims is in error. 

Claims 8 and 39 have been rejected under 35 U.S.C. § 103(a) as being unpatentable over 
Goldman '084 in combination with Sinofsky, Dew, and Conn. Conn teaches a diffusing tip. 
Applicant does not purport to be an inventor of a diffusing tip for a laser and points out that Conn 
does nothing to cure the deficiency of the attempted combination of Goldman with Sinofsky and 
Dew. Furthermore, the Examiner has not provided reasoning or a rational underpinning for 
combining Conn with the remaining references. It is only an attempt to reconstruct applicants' 
invention which inspires reliance on Conn. Thus, claims 8 and 39 are patentable over the asserted 
combination of references. 

Claims 9-13 have been rejected as unpatentable under 35 U.S.C. § 103(a) over Goldman in 
view of Sinofsky, Dew and Makower. These claims recite the use of a thermal sensor to maintain a 
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desired temperature. Makower discloses the use of infrared sensing to control heating of prostate 
tissue during the treatment of benign prostate hypoplasia. What is significant is that Makower does 
not cure any of the deficiencies in the attempted combination of Goldman with Sinofsky and Dew. 
Furthermore, once again, it is only an attempt re reconstruct applicants' invention which prompts 
citation of Makower. There is nothing in the remaining references to suggest that use of a 
temperature sensor is needed or desirable. The rejection of these claims is thus in error. 

Claims 14-17 and 20-23 have been rejected under 35 U.S.C. § 103(a) as being unpatentable 
over Makower in combination with Roth and Dew. None of these references have anything to do 
with treatment of varicose veins. Makower and Roth are both directed to treatment of BPH and Roth 
discloses, at column 10, line 33, that the standard wavelength for an Nd:YAG laser is 1,064 nm. 
Makower discloses a Nd: YAG laser, but gives no information with regard to wavelength, so it is 
reasonable to read Makower as disclosing a standard Nd: YAG laser having a wavelength of 1 064 
nm. The notion that one skilled in the art interested in treating BPH as disclosed in Makower and 
Roth which explicitly or implicitly disclose the standard wavelength of 1,064 nm would have any 
interest in the secondary laser wavelength of Dew et al., which is used for an entirely different 
purpose, is simply untenable. Furthermore, Makower and Roth cannot be combined. Makower is 
directed to a device which has a "locking" means to prevent movement of his laser and all of the 
claims in Makower are limited to a locking means. Roth, on the other hand, wants to pull his laser 
device through the tissue which is incompatible with the locking system of Makower. Thus, this 
rejection is based on an absolutely improper combination of references. Furthermore, Dew et al. use 
a tuned Nd:YAG laser in order change it from its standard 1,064 nm wavelength to obtain the 
"secondary wavelength" of 1,320 nm for a use completely different from the treatment of BPH. See 
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col. 6, lines 11-18. There is absolutely nothing to suggest that either Makower or Roth would want 
to use the wavelength of Dew et al. 

Claim 19 has been rejected under 35 U.S.C. § 103(a) as unpatentable over Makower in view 
of Dew, Roth and Conn. This is, if it is possible, an even more improper combination than that of 
Makower, Dew and Roth. Conn teaches a diffusing tip for a laser. There is nothing in any of 
Makower, Dew or Roth to suggest that they have any interest in a diffusing tip, that it would be 
useful in any of their devices or that one skilled in the art would have any inclination to use a 
diffusing tip in those devices. Thus, this rejection is also in error. 

It is believed that the foregoing discussion establishes the reversibility of the Examiner's 
rejections. However, there is much more. Applicants have submitted several declarations during the 
course of prosecution which trace the real-world evolution of the treatment of varicose veins with 
energy and have pointed out the Navarro Patent No. 6,398,777 and its place in the evolution of 
varicose vein technology. We turn now to those considerations. 
Navarro Patent No. 6,398, 777 

The Navarro patent is regarded by those in the art as representative of the early work done 
with regard to the use of lasers in treating varicose veins. It discloses the use of lasers which have 
wavelengths in the range of 500-1 100 nm which target the hemoglobin in blood as a chromophore 
for these wavelengths. 
The Adoption of Laser Technology 

Prior to the present invention, all of the laser devices for patient treatment of varicose veins 
used lasers having wavelengths in the range of 810-980 nm. As shown in Exhibits A-E to the 
Hennings Declaration dated June 30, 2005, these devices were: 
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Exhibit A - Domiter - 940 nm 

Exhibit B - Biolitac - 980 nm 

Exhibit C - AngioDynamics - 980 nm 

Exhibit D - Vascular Solutions - 810 nm, 940 nm and 980 nm 

Exhibit E - Diomed - 810 nm 

Thus, the real world of laser treatment of varicose veins prior to the present invention 
constituted targeting hemoglobin as a chromophore and using wavelengths in the range of 810-980 
nm. This is reflected in a survey article entitled Endovenous laser ablation: mechanism of action by 
Drs, Fan and Rox-Anderson which is attached as Exhibit 1 to the second Hennings Declaration dated 
December 22, 2008. 

The Fan/Rox-Anderson article also describes, at page 208, the difference between the 

Navarro and other prior art wavelengths and that of the present invention as follows: 

"Hemoglobin and to a lesser extent myoglobin in vein wall smooth muscle 
components are the dominant chromophores at the lower end of this range [810, 
940, 980 and 1064 nm], while at 1320 nm water dominates as the energy- 
absorbing molecule." 

At page 209, the Fan/Rox-Anderson article describes the use of 1320 nm energy as follows: 

"Special consideration must be given to EVLA (endovenous laser 
ablation) with 1320 nm Nd:YAG laser. At this wavelength the dominant 
chromophore is water and, as the biological tissue is largely composed of water, 
deeper energy penetrance and photothermolytic effect can be achieved at lower 
fluence. Compared with 12-15 W power setting typically used during EVLA with 
810-1064 nm wavelength light, EVLA at 5 W with the 1320 nm laser has been 
shown to be effective at 12-month follow-up for closing saphenous veins 12mm 
in diameter. At this higher wavelength and lower energy application, clinical 
evidence of perforation (pain, bruising) appears to be reduced." 
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Prior Art Taught Against the Use of Wavelengths Higher Than 1064 nm 

At the time the present invention was made, it was the prevailing scientific view that the use 

of laser wavelengths above 1 064 nm was undesirable. In addition to the fact that hemoglobin would 

no longer be a chromophore for wavelengths above 1064 nm, it was believed that, as reflected in 

Exhibits A, B and C to the Geriak Declaration dated November 22, 2005 that it would be 

disadvantageous to the patient to use wavelengths higher than 1064 nm. 

As stated in the Minn et ah article. Exhibit A to the Geriak Declaration entitled Endovenous 

Laser Treatment of Saphenous Vein Reflux: Long-Term Results from the Journal of Vascular and 

Interventional Radiology, August 2003, pages 991-996, at page 995: 

"Published experience with endovenous laser with use of wavelengths 
other than 810 nm is limited. A recent study by Chang and Chua reported the use 
of 1064 nm laser energy delivered endovenously for treatment of GSV (greater 
saphenous vein) reflux. Although this study reported a success rate of 96.8% in 
244 legs followed up to 28 months, significant complications were noted, 
including paresthesias (36.5%) and skin bums (4.8%). ... In addition, patients 
treated with the 1064 nm wavelength underwent spinal or general anesthesia rather 
than strictly local tumescent anesthesia." 

Thus, as the wavelength increased, additional "significant complications were noted" and, 
unlike treatment with lower wavelengths, spinal or general anesthesia was required rather than 
strictly local anesthesia. 

Still further, at page 995, the Minn et al. article goes on to state: 

"In comparison, in our series of more than 500 limbs treated with 810 nm diode laser 
energy delivered endovenously, there have no heat related complications despite the high 
temperatures attained at the laser fiber tip. This may be explained by the following: (1) 
improved delivery and use of sufficient amounts of tumescent fluid in the proper tissue plane 
providing protective thermal 'sync'; (2) selected homogeneous and circumferential heating of 
the inner vein wall by absorption of 810 nm laser energy by blood lining the vein wall, as 
noted in a recent study by Proebstle et al., rather than deeper penetration of laser energy as 
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less homogeneous heating from endovenous laser performed with wavelengths such as 1 064 
nm which are absorbed less by blood and more by water; and (3) faster rates of withdrawal 
and shallower depth of penetration of 810 nm laser energy resulting in less damage to 
surrounding nontarget tissue compared with methods that use RF." 

The Proebstle article referred to in the Minn et al, article is Exhibit B to the Geriak 
Declaration and is entitled Thermal Damage of the Inner Vein Wall During Endovenous Laser 
Treatment: Key Role of Energy Absorption by Intravascular Blood, which appeared in 
Dermatologic Surgery, July 2002, pages 596-600. This article, e.g., at page 599, plainly teaches the 
desirability of using laser energy in the range 810-980 nm, e.g., at page 599, where it emphasizes 
that blood plays a "key role in absorption of 940 nm laser energy but also in absorption of 8 1 0 and 
980 nm laser energy". Thus, the emphasis was on using wavelengths for which blood, not water, 
would be a chromophore. 

Similarly, the Proebstle article attached to the Geriak Declaration as Exhibit C, which is 
entitled Endovenous Treatment of the Greater Saphenous Vein With a 940 nm Diode Laser: 
Thrombotic Occlusion After Endoluminal Thermal Damage by Laser-Generated Steam Bubbles, 
which appeared in Journal of Vascular Surgery, April 2002, pages 729-736, emphasizes the then 
prevailing view that it was important to target blood as the chromophore with a 940 nm wavelength 
laser. 

The foregoing articles are, of course, consistent with the disclosure in the Navarro 777 
patent. In addition, each of them cites to the Navarro article which appeared in Dermatological 
Surgery in 2001 in Volume 27 at pages 1 17-122 as the initial work in using lasers to treat varicose 
veins which was the basis for the Navarro 777 patent. These references are footnote 12 in Exhibit A 
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to the Geriak Declaration, footnote 3 in Exhibit B and footnote 8 in Exhibit C. This Navarro paper 
contains essentially the same disclosure as the Navarro 777 patent. 

Thus, to recapitulate prior to the present invention, not only was blood (and the hemoglobin 
in blood) considered to be the proper choice of chromophore for treatment of varicose veins with 
laser wavelengths in the range 810-980 nm, but it was also the view of the prior art that treatment 
with wavelengths as high as 1064 nm was undesirable. This is confirmed by the 2008 survey article 
by Fan/Rox- Anderson which cites the Navarro 777 patent in footnote 15 as the earliest disclosure of 
laser treatment of varicose veins. Thus, the uniform view expressed in the scientific literature is that, 
prior to the present invention, there was no consideration of using anything other than blood as a 
chromophore for laser energy in the 810-980 nm wavelength range, and that a wavelength as high as 
1064 nm was undesirable. The present invention was a substantial and significant departure from 
this prior art, i.e., targeting water as a chromophore with laser energy in the range 1200-1800 nm 
was demonstrably unobvious to the prior art. 

Furthermore, subsequent to applicants' invention, at least one other worker has followed in 
their footsteps. See Paithankar, Published Application No. 2005/001523, filed June 30, 2004, based 
on a provisional application filed on June 30, 2003, which discloses the use of wavelength of 1 160 
nm to 2600 nm in the treatment of varicose veins. Paithankar confirms, in paragraphs 53 and 54, 
that using energy having the wavelengths claimed in the present application minimizes collateral 
damage to "tissues surrounding the target blood vessel." 
The Examiner's Refusal to Consider the Evidence of Patentability 

The Examiner has repeatedly refused to consider the evidence of patentability submitted by 
applicants. In the earlier final rejection dated February 12, 2007, the Examiner had the following to 
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say about the scientific literature and the activity of those in the real world of varicose vein 



treatment: 



"Applicant then posits that in the real world those attempting to use lasers 'to 
accomplish the purpose of Goldman' deliberately choose not to use applicants 
wavelengths. The examiner must respectfully disagree. Firstly, it is noted that the 
three articles submitted by applicants do not constitute a statistically significant 
sample of all the publications dealing with laser treatment of varicose veins and as 
such, cannot be the basis for a claim such as made by applicant. Secondly, the 
'purpose of Goldman' is to heat the vessel wall {see, for example column 9, line 13}. 
The purposes of the articles submitted by applicant is (sic) is to heat the blood in the 
vessel. And, as clearly taught by Dew et al, and set forth above, this is achieved by 
employing wavelengths that are absorbed by the tissue that it is desired to be heated." 

In the final rejection dated March 13, 2009, the Examiner seems to abandon the position 

taken in the final rejection dated February 12, 2007 and says the following with regard to the 

evidence of patentability: 

"It is important to note that the articles and product information were 
submitted with affidavits and that all affidavits only aver that the submissions are 
"true copies" of the articles or product literature which is described in the affidavits. 
There is no assertion whatsoever in any affidavit of record that the articles or product 
literature are in any way representative of the prior art with respect to varicose vein 
treatment. Instead such assertion are made only in the remarks accompanying the 
affidavits. This is interesting, given that these remarks bear the signature of Mr. 
Geriak one of the affiants. However, as these assertions are only submitted in the 
. form of remarks accompanying a response, they cannot be elevated to the status of 
evidence. As such, these remarks are noted, but do not speak to the propriety of the 
combination which the examiner has applied to the claims." 

The foregoing statement is remarkable in many respects, but the single most remarkable 
aspect of the Examiner's statement is the sentence which says "There is no assertion whatsoever in 
any affidavit of record that the articles or product literature are in any way representative of the prior 
art with respect to varicose vein treatment." Just the opposite is true. 
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In the Hennings Declaration dated December 22, 2008, after stating in paragraph 4 that Mr. 

Hennings has "30 years of experience in the design, development and use of laser-based devices for 

medical applications and 6 years of such experience with regard to lasers used for treatment of 

varicose veins", Mr. Hennings says, in paragraph 10: 

"Based on my own first-hand knowledge I can state unequivocally that the 
Examiner was incorrect in refusing, at page 1 1 of the Examiner's answer, to accept 
the assertions of our counsel, Mr. Geriak, that Exhibits A, B and C to his declaration 
were representative of the prior art. Furthermore, I believe that the Fan/Rox- 
Anderson article attached hereto is fully consistent with the fact that Exhibits A, B 
and C attached to the aforesaid Geriak declaration are representative of the prior art." 

Similarly, in paragraph 8 of the Goldman Declaration dated December 23, 2008, Dr. 

Goldman states: 

"Our use of laser wavelengths in the range 1200-1800 nm as claimed in the 
present application was contrary to the view held by prior art workers that such 
wavelengths would be undesirable, a view expressed in the Minn and Proebstle 
articles which are attached to the Geriak declaration as Exhibits A, B and C and 
which are representative of the belief held by the prior art prior to the invention 
claimed in this application." 

Thus, the Examiner's assertion that there are no such declarations of record in the present 
application is profoundly erroneous. 

The Examiner's earlier statement in the final rejection dated February 12, 2007 that the 
articles attached as Exhibits A, B and C to the Geriak Declaration do not constitute a "statistically 
significant sample" of "all the publications dealing with laser treatment of varicose veins" is not only 
seriously misguided and unsupported by identification of any other such publications, it is also at 
odds with the Fan/Rox- Anderson survey article attached as Exhibit 1 to the Hennings Declaration 
dated December 22, 2008. That article cites to the two Proebstle articles. Exhibits B and C to the 
Geriak Declaration, in footnotes 7 and 14. This is a powerfiil demonstration that the Proebstle 
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articles are fully representative of the prior art. In addition, the Fan/Rox-Anderson article also cites 
two articles from the Journal of Vascular and Interventional Radiology in footnotes, 12, 21 and 22 
which is the same journal in which the Minn article attached as Exhibit A to the Geriak Declaration 
appeared. There are no articles cited in the Fan/Rox-Anderson survey article which in any way 
contradict or express a view contrary to the view expressed in Exhibits A, B and C to the Geriak 
Declaration. Thus, there is absolutely no basis for the notion that those articles are "not statistically 
significant". Furthermore, from a statistics perspective, if all of the articles on a given subject agree, 
they are indeed statistically significant. 

In addition, the Examiner's position statement at pages 19 and 20 of the final rejection dated 
March 13, 2009 takes on a surreal quality when compared with the Examiner's statement at page 2 of 
that final rejection that "In paragraph 6, declarant (Hennings) asserts that the scientific literature 
attached to the Geriak declaration 'are fully representative of the prior art with respect to varicose . 
vein treatment." And the Examiner's statement at page 4 that "In paragraph 10, declarant (Hennings) 
asserts that 'I can state unequivocally that the Examiner was incorrect in refusing, at page 1 1 (sic 9) 
of the Examiner's answer, to accept the assertions of our counsel, Mr. Geriak, that Exhibits A, B and 
C to his Declaration were representative of the prior art.'" is equally at odds with his position 
statement on pages 19 and 20. Thus, although the existence of any such declarations is denied on 
page 19 of the final rejection, there is. a recognition on pages 2 and 4 that such declaration statements 
do exist. Then, to compound matters, the Examiner goes on to say at page 4 of the final rejection 
that "Declarant's (Hennings) statement is simply opinion testimony." Factual statements such as 
those made by Mr. Hennings cannot be blithely wished away by characterizing them as "opinion". 
The Hennings statements are fact, not opinion, and are not contradicted by anything in the record. 
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Indeed, the Examiner acknowledges at pages 5 and 6 that the Fan/Rox- Anderson article is consistent 
with the articles which are exhibits to the Geriak Declaration being representative of the prior art. 

Furthermore, at page 8 of the final rejection, the Examiner discusses paragraph 8 of the 
Goldman Declaration but entirely fails to recognize the statement in that paragraph that Exhibits A, 
B and C to the Geriak Declaration are representative of the prior art. 

Thus, the Examiner has variously denied the existence of the Hennings and Goldman 
Declarations (page 19), recognized the statements in paragraphs 6 and 10 of the Hennings 
Declaration at pages 2 and 4 of the final rejection, but dismissed them as "simply opinion testimony" 
at page 4 of the final rejection and has ignored the same statement regarding representative prior art 
in paragraph 8 of the Goldman Declaration at page 8 of the final rejection. This head-spinning 
inconsistency in the final rejection defies explanation. 

Thus, the final rejection falls far short of the standard set forth in In Re Kahn. 441 F.3d 977, 

988 (Fed. Cir. 2006) that: 

"[RJejections on obviousness grounds cannot be sustained by mere conclusory 
statements; instead there most be some articulated reasoning with some rational 
underpinning to support the legal conclusion of obviousness." 

Here, there is just the opposite. The Examiner's statement of his positions is inconsistent and 
those positions are all over the lot. Furthermore, those positions cannot be read other than as a flat- 
out refusal to give effect to the evidence of patentability submitted by the applicants. Such a refusal 
is directly contrary to law as set forth in In Re Sullivan. 498 F.3d 1345, 84 USPQ2d 1034 (Fed. Cir. 
2007) which held that evidence submitted by a patent applicant must be given meaningfiil 
consideration. Furthermore, as noted in In Re Sullivan , at 498 F.3d 1351, evidence "that the prior art 
teaches away from the claimed invention in any material respect is probative evidence of 
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unobviousness." Similarly, the decisions in In Re Haruna , 249 F.3d 1327, 1335 (Fed. Cir. 2001) and 



in Tec Ain Inc. v. Denso Mfg. Co .. 192 F.3d 1353, 1360 (Fed. Cir. 1999) state that: 

"A reference may be said to teach away when a person of ordinary skill, upon 
reading the reference, .... would be led in a direction divergent from the path that was 
taken by the applicant." 

This is precisely the situation presented in this appeal in which the applicants diverged both 

with regard to chromophore targets and laser wavelengths from the path taken by the prior art. This 

is compelling rebuttal evidence of patentability. However, the Examiner has utterly failed to comply 

with the requirement of Sullivan at 498 F.3d 1351 that: 

"When a patent applicant puts forth rebuttal evidence, the Board must 
consider that evidence. See In Re Soni , 54 F.3d 746, 750 (Fed. Cir. 1995.)" 

In Sullivan, the Court remanded the case to the Board. In the present case, it is respectfully 
submitted that the deficiencies in the Examiner's rejections, even without his refusal to consider the 
evidence of patentability set forth in the declarations, mandate a reversal of the Examiner's rejections 
and that the evidence of patentability which has been submitted would overwhelmingly refute a 
prima facie showing of obviousness if such a showing had been made. Thus, it is believed that 
reversal of the Examiner's rejections is appropriate. 
Conclusion 

The claims in the present application are directed to an invention which is plainly patentable 
over the prior art. It is respectfully submitted that a reversal of each of the rejections is appropriate. 
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Request for Oral Hearing 

Applicant hereby requests that an Oral Hearing be scheduled in this application. The 
Commissioner is hereby authorized to charge any fees associated to Deposit Account No. 15-0665. 
Fees 

The Commissioner is authorized to charge Orrick's Deposit Account No. 15-0665 for any 
fees required and credit any overpayments to said Deposit Account No. 15-0665. 

Respectfully submitted, 

Orrick, Herrington & Sutcliffe, LLP 

Dated: September 11, 2009 By: 

James W. Geriak, Reg. No. 20, 233 

ORRICK, HERRINGTON & SUTCLIFFE LLP 
4 Park Plaza, Suite 1600 
Irvine, CA 92614-2558 
Telephone: 949/567-6700 
Facsimile: 949/567-6710 
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APPENDIX 



1. 



An endovenous method of treating a varicose veins comprising the step of using a 



laser having a wavelength between about 1 ,2 and about 1 .8 um to heat and shrink collagen in a 
varicosed vein and to destroy the fiinctionality of the varicose vein. 

2. The method of claim 1 in which the laser energy is delivered with a fiber optic laser 
delivery device. 

3. The method of claim 1 further comprising the following steps: 
inserting a fiber optic laser delivery device into the varicose vein; 

using a pullback device to retract the fiber optic laser delivery device through the varicose 
vein at a rate of between about 0.1 mm/sec and about 10.0 mm/sec while simultaneously delivering 
laser energy therefrom. 

4. The method of claim 3 in which the fiber optic laser delivery device is retracted at a 
rate of between about 1.0 mm/sec and about 5.0 mm/sec. 

5. The method of claim 3 in which the pullback device begins retraction of the fiber 
optic laser delivery device just prior to initiating delivery of the laser energy, thereby preventing the 
tip of the fiber, optic laser delivery device from sticking to the vessel wall. 

6. The method of claim 1 further comprising the preliminary step of removing blood 
from the varicosed vein prior to treatment with laser energy. 

7. The method of claim 2 in which the fiber optic laser delivery device is introduced to 
the varicose vein through an introducer catheter. 
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8. The method of claim 2 in which the energy delivered through the fiber optic laser 
delivery device is evenly distributed by using a diffuse radiating-tip mounted to the distal end of the 
fiber optic laser delivery device. 

9. The method of claim 2 in which an non-contact thermal sensor is used to maintain a 
desired temperature. 

10. The method of claim 9 in which the thermal sensor is used to maintain a desired 
coagulation temperature. 

1 1 . The method of claim 9 in which the thermal sensor is used to maintain a desired 
collagen shrinkage temperature. 

12. The method of claim 2 further comprising the step of using the fiber optic laser 
delivery device as a thermal sensing element. 

13. The method of claim 9 further comprising the step of modulating the laser power 
based on the sensed temperature to maintain the desired temperature. 

14. A system for endovenous treatment of varicose veins comprising the following: 
a laser having a wavelength between about 1 .2 and about 1 .8 um; and 

a fiber optic laser delivery device having a proximal end and a distal end, for delivery of laser 
energy from the distal end of the fiber optic laser delivery device to the inside wall of a varicose vein 
wherein the fiinctionality of the varicose vein is destroyed and collagen in the varicosed vessel wall 
can be heated and shrunk. 

15. The system of claim 14 further comprising a pullback device which retracts the fiber 
optic laser delivery device through the varicose vein at a rate of between about 0.1 mm/sec and about 
10.0 mm/sec. 
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16. The system of claim 14 further comprising means for administration of anesthesia to 
tissue surrounding the varicose vein, wherein the anesthesia causes swelling of the tissue 
surrounding the varicose vein which causes compression of the varicose vein in order to remove 
blood prior to treatment. 

17. The system of claim 14 further comprising an introducer catheter in which an 
elongated lumen portion has a proximal end and a distal end, wherein the fiber optic laser delivery 
device is introduced to the introducer catheter through the proximal end and is introduced to the 
varicose vein through the distal end. 

18. (cancelled) 

19. The system of claim 17 further comprising a diffusing tip at the distal end of the 
introducer catheter for providing even distribution of energy radiating during treatment. 

20. The system of claim 17 further comprising a diffusing tip at the distal end of the fiber 
optic laser delivery device for providing even distribution of energy radiating during treatment. 

21. The system of claim 14 further comprising an non-contact thermal sensor. 

22. The system of claim 21 further comprising a controller coupled to the thermal sensor 
for controlling the temperature in a region near the distal end of the fiber optic laser delivery device. 

23. The system of claim 22 in which the controller modulates a power input to the laser 
for controlling the temperature in a region near the distal end of the fiber optic laser delivery device. 

24. (cancelled) 

25. An endo venous method of treating varicose veins with laser energy to heat and shrink 
collagen in the vein and to destroy the functionality of the varicosed vein, the method comprising the 
following steps: 
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inserting a laser delivery device into the varicose vein; 

delivering laser energy having a wavelength between about 1.2 and about 1.8 um to 
the varicose vein; and 

retracting the laser delivery device through the varicose vein, thereby heating and 
shrinking the collagen in the vein and destroying the functionality of the varicose vein. 

26. The method of claim 1 wherein the laser has a wavelength of about 1 .32 um. 

27. The system of claim 14 wherein the laser has a wavelength of 1 .32 um. 

28. The method of claim 25 wherein the laser energy has a wavelength of about 1 .32. um. 

29. The method of claim 1 wherein said laser is a Nd: YAG laser. 

30. The system of claim 14 wherein said laser is a Nd:YAG laser. 

3 1 . The method of claim 25 wherein said laser is a Nd: YAG laser. 

32. The method of claim 1 wherein the laser energy preferentially heats the water in the 
wall of the vein. 

33. The system of claim 14 wherein the laser is adapted to preferentially heat water. 

34. The method of claim 25 wherein the laser energy preferentially heats the water in the 
wall of the vein. 

35. A method of treating varicose veins, comprising: 

providing a beam of light comprising a wave length in the range of about 1 200 nm to 
about 1 800 nm; and 

delivering endovascularly the beam of light to target a chromophore comprising water 
in the wall of a targeted varicose vein to treat the vein. 

36. (Cancelled) 
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37. The method of claim 1 wherein said wave length is about 1320 nm, 

38. The method of claim 35 further comprising delivering the beam of light via an optical 

fiber. 

39. The method of claim 38 further comprising delivering the beam of light through a 
diffusing tip connectable to the optical fiber. 

40. The method of claim 35 wherein the treatment comprises reducing the size of the 
targeted varicose vein. 

41. The method of claim 1 further comprising heating the target chromophore to a 
temperature not greater than about 85° C. 

42. (previously presented) The method of claim 38 wherein a pull-back device is used to 
position the optical fiber. 

43. The method of claim 42 wherein the pull-back device withdraws the optical fiber 
from the targeted varicose vein at a rate of between about 0.1 mm/sec. and about 10.0 mm/sec. 

44. The method of claim 35 in which blood is removed from the varicose vein prior to 
treatment with the beam of light. 

45. The method of claim 35 wherein the beam of light has a power between about 1 to 
about 20 watts. 

46. The method of claim 45 wherein the beam of light has a power of about 5 watts. 



OHS West:260725205.2 37 



APPENDIX 2 



r IDS REFERENCES H 




□ FOR 



L 



J 



Endovenous Laser Treatment of Saphenous 
Vein Reflux: Long-Term Results 

Robert J. Min, MD, Neil Khilnani, KfD, and Steven E Zimmet, MD 

PUKPOSE: To report long^enn f oUow-up results of endovenous laser treatment for gzeat saphenous vein (GSV) reflux 
caused by saphenof emoral junction (SFJ) incompetence. v«n iv^o reuux 

^^^S^ai^^^^A^^^^^ mnety-niiie GSVs in 423 subjects with varicose veins were treated over 

L^S^.TnnTfS? T^^t°?^^^ debvexed percutaneously into the GSV via a 600^^™ fiber. Tumescent 

anesttraa 000-200 mL of 0^% Ldocame) was delivered pexivehously under ultrasound (US) guidance. Patients were 
. c^cally and with duplex US at 1 week, 1 month, 3 months, 6 months, 1 year, and yeady thereafter to assess 
f"^"^ ^^"/^ and adverse reactions. Compression sclerotherapy was performed in nearly all patients at f oUow-up 
tor treatment of aissoaated tributary varicose veins and secondary telangiectasia. 

^f^J^^f"^^^ occlusion of the GSV, defined as absence of flow on color Doppler imaging, was noted in 490 
of 499 GSVs (98a%) after initial treatment One hmtdred thirteen of m limbs (93^4%) foDow^ 2 y^ have 
remained dosed, with the treated portions of the GSVs not visfl>le on duplex imaging. Of note, all recurrences have 
occmed before 9 months, with the majority noted before 3 months. Bruising was noted in 24% of patients and 
faghtn^ along the course of the treated vein was present in 90% of limbs, there have been no skin bums, 
pazesuiesias, or cases of deep vein thrombosis. 

CONCLUSIONS: Long-tem results available in 499 limbs treated with endovenous laser demonstrate a recurrence 
r^ of less tiian 7% at 2-ycar foUow-up. These results axe comparable or superior to those reported for the other 
optiras avadable for treatment of GSV reflux, including surgery, US-guided sclerotherapy, and radiofrcquency 
ab^n. Endovenous laser appears to offer these benefits wiJh lower rates of complication and avoidance of gener^ 
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LOWER-extremity venous insuffi- 
ciency is a common medical condition 
afflicting 25% of women and 15% of 
men in the United States (1). Gender, 
pregnancy, honnones, aging, and 
gravitational iurces from prolonged 
standing or sitting are the most com- 
mon &ctoxs diat influence the appear- 



ance or worsening of primary varicose 
veins (2^). Althou^ many people 
seek medical treatment for varicose 
veins because they find them un- 
sightly, most people with varicose 
veins do experience symptoms (43). 
Unfortunately, symptoms of primary 
venous insufficiency are ofien not rec- 



Fnim Gmlt Vascular (R.]M^ NX}, Wea Medical 
Cdllegt of CboneU UxuveiBty, 416 East 55th Stzcet 
New York. Mew Yofk 10022;' md Zimmet Vebi nd 
Denxatology Om. ^£Z.XAtistav Texas. Kecmd 
January 24. 2003; revisian requested April U; rcvi- 
sian received May 7; aazpted May 8. From the 2003 
SIR Animal Meiing. Address concvpondencx to 
IQM^ BmoiL rjm2002ein£dxotivlLedn 
K^JIA, 'a a consulbnt to Diosied (Andover, MAX 
assAing in devekypoxnt of medical treatments and 
physician txainxR^ KJ.^^ is oo in m UD r and paxt 
owner of a patent on ouIovbiqus laser treatmsit cf 



veins, for M/hiA he receives royalties. ILjM. and 
Coxnefl Vascular have paid for all medical equip- 
ntent used in praoeduies relating to diis study. 
SXZ. is a paid consultant to Diomfid, Inc. (Andovo. 
MA), assisting in development of medical beat- 
moits. SEZ. is also paid to assist in physican train- 
ing. SX.Z. purchased aU equ^'mou he tssed 
in ean nnrfirm with this study. The other audior has 
not idmtified a potoitial mnnx^t of intoesL 
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ognized by patients oi their physi- 
cians. Chaiacterisfic leg complaints as- 
sociated with varicose veins include 
adiing pain, night cramps, fatigue, 
heaviness, or re^essness. Symptoms 
arise from pressure on somatic nenres 
by dilated veins and are typically 
worsened with prolonged standing, 
during the premenstrual period, or in 
warm weather (6). Left untreated, 
nearly 50% of patients with significant 
superfidal venous insufficiency will 
eventually experience chronic venous 
insufficiency characterized by lower- 
extremity swelling, ec2:ema, pigmenta- 
tion, hemorrhage, and ulceration (7). 

gr^t^aphenous vein (GSV) leRwc 
is ffie most common underlying cause 
of significant varicose veins. Tradi- 
tional treatment of GSV reflux has 
been surgical removal of flie GSV. Al- 
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though surgical ligation and stripping 
of the GSVhas been the most durable 
treatment it is associated with signif- 
icant perioperative moxbidity. Less-in- 
vasive surgical treatments induding 
hig^ ligation of the GSV at the saphe- 
nofemoral jimction {bir]) have been at- 
tempted with the hope that gravita- 
tional reflijx would be controlled 
while the vein is preserved for possi- 
ble use as a bypass graft Unfortu- 
nately, ligation of the CSV alone usu- 
ally results m recurrent varicose veins 
(8). Even when hi^ ligation has been 
coihbined with phlebectomy of vari- 
cose tzibiitaries or retrograde sdero- 
therapy, recuzxence has been the rule 
(9,10). Therefore, when it is deter- 
mined that GSV reflux is the prindpal 
underlying problem, treatment should 
involve eliininating this source of re- 
flux with ablation of any associated 
incompetent venous segments. 

In 1999, Bone (11) first reported on 
delivery of endoluminaJ laser energy. 
Since then,- a method for treating the 
entire incompetent GSV segment has 
been described (12,13). Endovenous 
laser treatment, which received ap- 
proval ^om the US Food and Drug 
Adxninistratian in January 2002, al- 
lows deUvecy of law energy directly 
into the blood vessel lumen. Mon- 
thrombotic vein ocdusion is accom- 
plished by heating the vein wall with 
810-nm-waveleng&i laser energy de- 
livered via a 600-/im. laser fiber 
(Diomed, Andover, MA). Sufficient 
heating of the vein wall is necessary to 
cause collagen contraction and denii- 
dation of endothelium. This stimulates 
vein wall tfuckening, eventual luminal 
cantraction, and fibrosis of the veiru 
The purpose of this study is to report 
on the long-term follow-up results of 
endovenous laser treatment for GSV 
reflux. 

MATERIALS AND METHODS 

This prospective, nonrandomized, 
consecutive-enrollment study in- 
duded 423 patients who underwent 
endovenous laser treatment of incom- 
petent GSV segments with 810-nm di- 
ode laser energy delivered intxalumi- 
nally for treatment of primary varicose 
veins. The study protocol was ap- 
proved by the WeiU Medical College 
of Cornell University Institutional Re- 
view Board. All patients gave written 
informed consent before treatment 



Patient Selection 

Directed history and physical ex- 
aminatioiv induding duplex ultra- 
sovmd (US) evaluation of tiie supexfi- 
daJ venous system, was performed on 
limbs of subjects witii varicose veins- 
Study indusion criteria irududed vari- 
cose veins caused by SFJ incompetence 
with GSV reflux as demonstrated by 
duplex US imaging, age of at least 18 
years, and ability to return for sched- 
uled follow-up examinations for 12 
months after endovenous laser treat- 
ment Exdusion criteria induded non - 
palpable pedal pulses; inability tog m- 
bulate; deep vem thrombosis; general 
poor ' n eaitli; pregnancy, nursingT^ r 
plaits^ b ecome pregna nt during the 
tD'urse or partiapation m the mvesti- 
gafimi raHd extremely" t6^tU0^iA•G5V s 
that would not aJlow fendoyendu s 
c atheterization and passage of the la - 
ser fiber as identified on pretreatme nt 
ygnptLs dupl 5c Ub mappin g. After ini- 
tial consultation and evaluation, sub- 
jects meeting the appropriate criteria 
were offered surgery versus en- 
dovenous laser treatment Nearly all 
subjects chose endovenous laser over 
surgical ligation and str^rping. 

Hve hxmdied four incompetent 
GSVs were treated with endovenous 
laser over a 39-month period. Five 
limbs were lost to follow-up. The re- 
maining 499 limbs in 423 patients com- 
prise the study population. This group 
consists of 3^ women (83%) and 71 
men (17%) ranging in age from 23 to 
72 years, witii a mean age of 42 years. 

Follow-up ranged from 1 montii to 
39 months with a mean foUow-up pe- 
riod of 17 months and an SD of 11 
months. Aching leg pain was the most 
common presenting symptom, foimd 
in 87% of Hmbs. Overall, slightiy more 
left legs (n = 263, 53%) were treated, 
and 76 patients (18%) were treated for 
bilateral GSV reflux. Pretreatment 
GSV diameter, measured in the up- 
right position approximately 2 cm be- 
low the SFJ, ranged from 4.4 mm to 29 
mm (mean, 11 mm; SD, 4.2 mm). 

None of the patients in this series 
underwent concomitant ambulatory 
phlebectomy. All but seven patients 
underwent compression sderotiierapy 
treatment of distal varicose tributaries 
or associated telangiectasias at fbl- 
low-up visits. 



Description of Technique 

Duplex US was performed tn the 
upright position to map incompetent 
sources of venous reflux and then to 
mark the skin overiying the incompe- 
tent portion of the GSV starting at the 
SFJ. After venous duplex mapping, a 
percutaneous entry point was chosen. 
This point may be where jeflux is n o 
longg seen or where the GSV beco mes 
Jpo smalito access (usually just abov e 
^below Jcnee level), w itti use ot iocal 
anesttiesla and sonograpluc guidance, 
the GSV was punctured. A 5-F intro- 
ducer'sheath was placed into the GSV 
over a guide wire and advanced past 
the SFf into the femoral vein. Intralu- 
minal position within the GSV was 
confirmed by aspiration of nonpulsa- 
tile venous blood and visualization 
with US. 

The sheath was flushed and a 
600-pjn laser fiber (Diomed) was in- 
serted in the sheath and advanced up 
to the first site mark, indicating that 
the distal tip of the laser fiber was 
flush witii the end of the sheath. The 
sheath was then withdrawn to the sec- 
ond site mark, exposing the distal 3 cm 
of the bare-tipped laser fiber. The 
sheath and fiber were pulled back to- 
getiier and positioned at the SFf under 
US guidance. Position was coxifirmed 
by direct visualization of the red aim- 
ing beam of the laser fiber throu^ the 
skin. 

Tumescent local anestiiesia consist- 
ing of 100-200 mL of 0^% Hdocaine 
neutralized with sodium bicaibonate, 
was administered along the perive- 
nous space with use of US guidance. 
In addition to the anesthetic effects, 
properly delhrered, this fluid serves 
two important functions: (1) it com- 
presses and reduces the diameterL of 
eygn the largest veins to prov ide vein 
wall apposition around the fiber tip 
with subsequent circumferential heat- 
ing of the vein wall and (2) it provides 
a^ea t sink^ to minimize the possfbi l- 
i§r of Hea ^ ^ted damage t0 3t^jar<*nf 
tissues. Figure la demonstrates the 
typical trarxsverse sonographic ap- 
pearance of the laser fiber and catheter 
seen centrally within an enlarged GSV 
located in the saphenous space. Pzoper 
azui adequate delivery of tumescent 
anesthesia should result in fluid sur- 
rotmdin g a compressed GSV as shown 
in Figure lb. 

The tip of the laser fiber was zepo- 
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after proper defiveiy of tumescent anesthesia, (a) Intralmninal positian of laser fiber and 
(2 Aeter withm an enlarged CSV ; (b) tumescent anesthesia delivered by echog^c needle 
tip ac^acent to laser fiber and catheter with fluid suxtounding the con^Jiessed GSV. 



sitioned within the GSV 5-10 nan dis- 
tal to the SFJ. Tq> position was checked 
by US and direct visualization of the 
red aiming beam through the skin. La- 
ser energy (810-nm diode Jasei; 
Diomed) was delivere d at 14 W in con- 
Jnuous mqde. T he vein was treated 
horn mm below the SFf to ap- 
proximately 1 cm above the sldn entry 
site. Length of GSV treated with en- 
dovenous laser ranged hom 10 an to 
55 cm (mean, 35 cm; SD, 10 cm). The 
laser fiber was withdrawn at an aver- 
age rate o f 3 mm per secand (18 cm p er 
minute). Of patients treated wltET^W 
continuous mode (n = 276, or 55% of 
limbs), delivery of laser energy ranged 
from 25 seconds (at 358 J) to 187 sec- 
onds (at 2^15 J), with a mean of 123 
seconds (SD,47sec) or 1^27 J (SD, 650 
J). 

A class H (30-40 mm Hg) fuJl-thigh 
graduated si5>port stocking or panty 
hose was wom for at least 1 week at all 
times except to sleep or to shower. 
Patients were instructed to ambulate 
and resume Bieir normal daily activi- 
ties immediately. Clinical and dij^lex 
US foUow-up was detained at 1 week, 
1, 3, 6, 9, and 12 months, and then 
yearly. 

Compression sderothexapy treat- 



ment of distal varicose tributaries was 
performed with use of sodium tetra- 
decyi sulfate (0.3%-l% concentration). 
A detailed description of sderotiier- 
apy technique is beyond the scope of 
this article but the approach used was 
the 'Trench school'' originally advo- 
cated by Toumay and" more recently 
popularized in the United States by 
Goldman and other phlebologists (14). 
This technique relies on starting from 
the highest points of reflux and pro- 
ceeding downward, and treating vdns 
£rom file largest to the smaUest Com- 
pression stockings or panty hose were 
worn for at least 1 week after sclero- 
therapy treatments except to sleep or 
shower. SdeiDtheiapy treatments 
were performed at 4rweek intervals, ' 
starting 1 month after endovenous la- 
ser ablation of the GSV. 

Study Endpoints and Definitions 

Duplex US criteria for successful 
treatment were the following: at 
1-week follow-up, an enlarged non- 
compressible CSV, mxniznaHy de- 
creased in diameter, with echogenic 
thickened vein walls, and no £ow seen 
within the ocduded vein lumen on 
' color Doppler intetrogatiDn; at 3- and 



6-month follow-up, an occluded GSV 
widi substantial (>50%) reduction in 
diameter; and at 1 year and beyond, 
complete disappearance of the GSV or 
miniinal residual fibrous cord with no 
flow detectable It is important to note 
that die expected appearance 1-2 
weeks after endovenous laser is a 
sli^tly smaller GSV demonstrating 
wall thickeiung with absence of flow 
within the treated vein segment The 
vein lumen is usually obliterated by 
dve thickened wall, which has low- 
level echoes and is incompressible. 
This wall thickening should be differ- 
entiated from acute GSV thrombosis 
wherein the vein is also incompress- 
ible but the l\amen is filled with ane- 
choic acute dixombus. Several weeks 
after successful endovenous laser 
treatment resolution of the acute in- 
flammation in the vein wall should 
resvdt in reduction in vein diameter. 
After several months, most of the 
treated vein segments will fibrose and 
be difficult to identify. Alternatively, 
superficial thrombophlebitis with GSV 
duDmbus would remit in recaruiliza- 
tion of the vein. A longitudinal view of 
an enlarged, incompetent GSV is seen 
in Figure 2a. Figure 2b demonstrates 
the typical color Doppler appearance 
of a successfully treated GSV 1 year 
after endovenous laser treatment 

Clinical evaluation was performed 
on all subjects at 1 week, 1, 3, 6, 9, and 
12 months, and yearly thereafter by 
the same physician (RJvl) who per- 
formed all the endovenous laser pro- 
cedures. Patients were queried about 
symptomatic relief at follow-up visits, 
particularly improvement or resolu- 
tion of lower-extremity pain believed 
to be associated with venous insuffi- 
ciency. Improvement in the appear- 
ance of the leg, including reduction in 
visible varicosities, swelling, pigmen- 
tatiorv or other skin changes second- 
ary to chronic venous insufficiency, 
were assessed by the patient and widi 
direct comparison with pretreatment 
photographs obtained from aD sub- 
jects undergoing treatment Patients 
were evaluated for possible adverse 
reactions caused by endovenous laser 
treatment at each follow-up visit Mi- 
nor complications were defined as 
those that had no sigrxificant clinical 
sequelae, such a s bruising . Major com- 
plications were defined as those neces- 
sitating an increased level of care, sur- 
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geiy, hospitaiizatioiv or permanent 
adverse sequelae. 

RESULTS 

FoUow-up results ranging from 1 
monlh to 39 monilis (tneaii, 17 
months; SD, 11 months) were obtained 
in 499 of the 504 limbs treated wifli 
mdovenoTis laser during the study pe- 
riod. Suooessful endovenous laser 
treatment, as defined earlier, was seen 
in 490 of 499 limbs (98%) at l-month 
follow-up. Hg^it of nine GSVs requir- 
ing^zepeat endovenous laser were suc- 
cessfuDy dosed with a second en- 
. dovenous laser treatment Continued 
closure of the treated GSV segments 
was noted at longitudinal follow-\ip at 
the foUowii^ rates: 444 of 447 (993%) 
at 3 monais, 390 of 396 (983%) at 6 
months, 351 of 359 (973%) at 9 
months, 310 of 318 (97.5%) at 1 year, 
and 113 of 121 (93.4%) at 2 years. Forty 
subjects have been followed for 3 
years and no new recurrences were 
seen at 2 or 3 yeais that were not 
present at 1-year follow;-up. In fect^ all 
recurrences were noted before 9 
months, with the m^ority seoi by 3 
months. This may indicate that these 
were not true recurrences but rather 
inadequate initial treatments. 

Clinical examination correlated 
well with duplex US findings. All pa- 
tients showed improvement in the ap- 
pearance of the Hmb with disappear- 
ance or reduction in the size and 
number of visible varicosities. The 
typical appearance of varicose veins 
caused by incompetence of the SI7 
with GSV reflux is shown in Kgure 3a. 



One month after endovenous laser 
treatment; relief of symptoms and sig- 
nificant improvemsent in the appear- 
ance of the varicose veins was noted 
(Fig 3b). By 6 months after initial 
treatment, pain was greatly im- 
proved or resolved in all treated 
limbs. Although symptomatic reso- 
lution and significant improvement 
in the appearance of the leg is usu- 
ally noted after endovenous laser 
treatcnent alone, most patients will 
need addilionat complementary pio- 
cedures (ie, sclerotherapy or phle- 
bectomy) to fully realize the restor- 
ative benefits of treatment 

Bruising outside the pimcture site 
was noted in 24% of lim bs at l-week 
follow-up. Bruismg resolved in all 
subjects before 1-month foUow-up. 
Ninety percent of subjects felt a de- 
layed tightness peaking 4-7 days after 
laser treatment and lading S-10 days. 
This sensation, described as *'pulling^ 
along the course of the treated GSV, 
was not felt in the nine patients iii 
whom mitial treatment failed. Five 
percent of patients developed superfi- 
cial phlebitis of varicose trfliutai igaf> 
ter endovenous izser oociusionorffi 
GSV. Most cases required no treat- 
ment Symptomatic patients were 
treated wifli graduated compression 
stoddngs and over-the-counter aiitiin- 
fiammatory agents. All minor compli- 
cations listed earlier resolved without 
sequelae. Ihere have been no skin 
bums, paresthesias, cases of deep vein 
thrombosis, or oflicr minor or major 
.compJications. The procedure was 



weU-tolerated by all subjects with 
strictly local anesthesia. 

Overall treatment satisfaction was 
determined by asking subjects if they 
would recommend the procedure to a 
friend with similar leg vein problems, 
and 422 of 423 subjects (99.8%) indi- 
cated they would recommend the 
procedure. 

DISCUSSION 

Percutaneous methods for treating 
incompetent GSVs are not new. Du- 
plex-guided sclerotherapy for treat- 
ment of GSV reflux has been at- 
tempted, but long-term studies have 
failed to prove durability comparable 
to surgery (15-19). Initial attempts at 
damaging vein walls by electrocoagu- 
lation involved creation of a thrombus 
within the vessel lumen, ultimately re- 
sulting in recaiialization (20-22). Eady 
methods of intraluminal delivery of 
high-frequency alternating-current ra- 
diofrequency (RF) energy to treat GSV 
reflux were complicated by skin 
bums, saphenous nerve and peroneal 
nerve injury, phlebitis, and woimd in- 
fection P3). 

A more modem technique of the 
use of RF energy to eliminate saphe- 
nous vein reflux has been developed 
by VNU5 Medical Technologies 
(Sunnyvale, CA). Early results re- 
ported from a multicenter trial dem- 
onstrated a reasonable degree of suc- 
cess with an overall failxire rate of 10% 
at a mean follow-up of 4.7 months • 
(13% in patients treated witii RF alone 
aiid 5% in patients treated with RF 
plus high ligation of the GSV). Com- 
plications induded transient paresthe- 
sias (thi^ 9%; leg, 51%), skin bums 
(3%), deep venous thrombosis (3%), 
and one pulmonary embolus (24). 
More recent studies have demon- 
strated success rates of 73%-90% with 
foDow-up to 24 monflis in 21 limbs 
(25-27). 

One of the limitations of our study 
is that it does not provide a blinded, 
randomized comparison of the vari- 
ous modem percutaneous methods 
available for treatment of GSV reflux, 
including RF and wavelengths of laser 
energy other than 810 nm. However, 
review of the literature allows some 
comparisons and raises some interr- 
ing areas for foture study. 

RF cument daznages tissue by resis- 
tive heating of structures in direct con- 
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Hgure 3. Significant iuip io v e m ent in appearance of varicose tnbutaries after en- 
dovenoiis laser treatment of an incompetent kit GSV. (a) Typical appeaxanoe of vaxia>se 
veins caused by G5V reflux; (b) the saine teg 1 inoziA after exido^ 



tactMidth tihe electrodes. Deeper tissue 
planes axe heated by conducticm into 
noimothennic tissue. Because the po- 
tential for heating of adjacent perive- 
nous tissue is safe treatment 
with RF depends on proper delivery of 
adequate tumescent anesthesia. Elec- 
tive use of tumescent anesthesia ap> 
pears to have reduced the incidence of 
heat-related complicatians. In expert 
hands, the xnddence of paresth^ias 
after RF has occurred in as few as 83% 
of Hmbs widdn 1 week of treatment 
and decreased to 07% at 6 months 
(27). However, with less-experienced 
physicians, RF still has been compli- 
cated with heat-related adverse effects 
sudt as paresthesias (10% at 6 months) 
and skin bums (33%) (25). 

Published experience with en- 
dovenous laser with use of wave- 
lengths other than 810 run is limited. A 
recent study by Chang and Chua (28) 
reported the use of 1^64-nm laser en- 
ergy delivered endovenously for treat* 
ment of GSV reflux. Although this 
study reported a success rate of 96^% 



in 244 legs followed up to 28 months, 
sig;nificant con^lications were noted, 
including paresthesias (363%) and 
skin bums (4.8%). In addition to en- 
dovenous laser ablation, all patients in 
their study underwent surgical liga- 
tion and divisian of the proximal and 
distal ends of the treated GSV. hi ad- 
dition, patients treated with the 
li064r-nm wavelength underwent spi- 
nal or general anesthesia rather than 
strictly lool tumescent anesthesia (28). 

In comparison, in our series of more" 
than 500 limbs treated witii 810-nm 
diode laser energy delivered en- 
dovenously, there have been no heat- 
related compHcatioivs despite the high 
temperatures attained at the laser fiber 
tip. This may be explained by the fol- 
lowing: (1) improved delivery and use 
of sufficient amounts of tumescent 
fluid in the proper tissue plane pro- 
viding a protective thermal "sink;* (2) 
selective, homogeneous, and drcum- 
fereniiBl heating of the inner vein wall 
by absoipticm of 810^nm laser energy 
by blood lining the vein wall, as noted 



in a recent study by Proebstie et al 
(29), rather than deeper penetration of 
laser energy and less-homogeneous 
heating from endovenous laser per- 
formed wifli wavelengths such as 
1,064 nm, which are absorbed less by 
blood and more by water; and (3) 
faster rates of withdrawal and shal- 
lower depth of penetration of 810-nm 
laser energy, resulting in less damage 
to surrounding nontarget tissue com- 
pared with methods that use RF. 
^ It has been suggested that a ran- 
domized cantrolled trial comparing 
outcomes of endovenous laser abla- 
tion of the saphenous vein to surgical 
ligation and stripping should be per- 
formed; however, sudi a study would 
be difficult given patients' over- 
whelming desire for minimally inva- 
sive treatments rather than surgery. 
Review of the existing surgical litera- 
ture does provide some insig^ht in as- 
sessing treatment durability. Multiple 
studies have shown that recurrence of 
varicose veins after GSV stripping oc- 
curs early (30), widi 73% of limbs des> 
tined for recurrent varicosities at 5 
years already having them at 1 year 
(31,3!2). Our results with endovenous 
laser have supported this, demonstrat- 
ing that what is fbimd on duplex im- 
aging early is predictive of what will 
be seen later, with none of the treated 
patients developing recanalization of 
successfully occluded GSVs at 2 or 3 
years that was not seen before 9 
months. 

Performing endovenous ablation of 
the GSV without dissection of the SFf 
violates a cardinal rule in saphenous 
vein surgery that each of the tributar- 
ies must be individuaUy divided. Sur^ 
prisingly, the combined experiences 
with transcatheter endovenous abla- 
tion procedures have shown lower re- 
currence rates than with surgical liga- 
tion and stripping. Pediaps minimizing 
dissection in the groin aSid preserving 
veious drainage in normal, competent 
tributaries while removing only the 
abnormal refluxing segments does not 
incite neovascularization. 

The understanding of venous disor- 
ders continues to improve with tre- 
mendous strides being made over the 
past decade. Readily available nonin- 
vasive diagnostic tests aEow physi- 
dans to precisely map out abnormal 
venous pathways and identify sources 
of inoompetenoe. Modem percutaneous 
mefliods of sealing incompetoii veins 
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pnmde patients wifli altsmativs to li- 
gation and stripping for treatment of 
GSV leflux without the fandliar moibid- 
ities assodated witii suigeiy 03^). 
Given these recent advances, many phy- 
sidanSy whenprpperiy trained ^ wQljnow 
be able to successfully diagnose and 
treat the whole spectnam of supei£dal 
venous insufficiency, offiedng* accept- 
able options to the milHons of people in 
the United States aloone who have van- 
cose veins but are unwilling or unable to 
undergo suzgexy* 
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980nm Diode Laser Series 



bsolitec'5 9t>Dnm Otcce Laser Senes> irtctuding the 
Ceraias O and ^mi'tPi-P-iSfi i^s^ts, are ideal for 
soft-tissue apphcations in medical dental, and 
veterinary environments. 

I With unsurpassed, optimal absorption in water and 
hemoglobin, the 980 nm laser senes allow contrcllec 
tissue ablation and provide a bloodless field for most 
surgical procedures. Unlike other medical lasers, 
I biolitec's 980nm lasers cut and coagulate opticaHy 
— with negligible collateral tissue damage, charring, 
and recession. Many procedures using Che 980nm lasers are pam-free. Rtinimizing 
or even eliminating the need fbr anesthe^; These state-of-the-art 980nm lasers 
are compact and portable at IS pounds and reauire no speaai cooling or 
mamtenance. 
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More information about the SmiiePrg ^aa for Dentistry. 
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More information about the Ceraies D for medical applications. 



ELVeS"* - Endo Laser Vein System 



ELVeS ts a revoiutionar/ new minimally-invasive laser treatment for superficial 
reflux of the greater saphenous vein - which may lead to varicose veins. 
Progressing the capabilities of vein treatments, ELVeS takes about 45 minutes 

only local anesthesia ts used - aUowing patients to walk home after 
treatment' With virtually mstent relief from venous reflux^ patients can return to 
cheii nofindi tifesty/e and actiWpes unmcdiatcty roffowing tnearment. 
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The 810 nm lasers* energy is eight times fess absorted in water than the 980 nm 
wavdength. TherefDne, 810 nm lasers' fibers require 'conditioning' because their 
wavelengths can not properly ablate tissue. The conditioned tip of these lasers' 
fibers needs to heat up in order to work. In addition, the tight energy from these 
lasers is db$ort>ed in their fibers' tips - not in water, hemoglobin, or tissue. The 
laser Gght never reaches the patient * only the heat via a 'hot tip.' 

Conductive heat is the only means of cutting and coagulating with lasers that 
require conditioned tips - which can damage collateral tissue and cause swelling, 
excesshfe necrosis, and patient discomfort 

The 980 nm Wavelength 



A major benefit of the Ceraias D 980 nm Laser's unique wavelength is the abMity 
to operate optically - not via a 'hot tip.' £eceus-* her?.og!ofctr. anc --vater cQSoro 

:Me 98G nrr. wavelength ar ar. 
opUmal rdtc« U>c fiber tips of 
the Ceraias 0 laser do not 
requ^ conc^tiontng. 

Because the Cera las D exhibits 
supenor control and minimizes 
collateral tissue damage, it is 
one of the most valuable and 
versatile lasers available today. 
"Although the 810 nm diode 
laser has been used for 
endovenous treatment, 1 feel it 
is rtot the best wavelength, as ic 
does not absorb well m water.' 
says John Mauriello, MD, a 
phiebotogist in private group 
practfoe with offices in Qiafiottt 
and Durham, North Carolina, 
niie 940 nm diode laser is b^ter than the 810 nm because it is on.the up-slope 
" of the water absorption curves CBut my resaarch oon^nees me that 980 nm 
\is the perfect wavelength becatuse it is right on the peak of the water ' 
afasorptioa cuffve." 
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FREE SaiilcPro 9S0 Dental Mort,ct»ng K«l 






The Importance of a Laser's Wavelengtti: 
Advantages of 980 nm 

A laser's wavetength determines many of ics pitiperties and capabilities. As a 
result of biolftet*s extensive research in photobioiogy and laser physiCS, we have 
developed a senes of 980 nm lasrs that exhibit unparalleled laslng effects. 

Since soft tissue contains a high percentage of water and nemccioDin; 3 laser's 
light energy must be wen absorbed m both to cut and cosg jiace'opjjmaily 
Considering the absorption characteristics of water and hemoglobin together. 550 
r.m ts we iceai ii^aveiength for soft tissue applicattons - indjcing the SLVes 
Trsatrrsent for superfipaf reflux- o? the CSV, wnicn often leads to vsncose vemi 
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SmilePro 980 Technical Specifications 



Laser Tvpe 


Integrated GaAlAs semiconductor laser 
arrays 


Wavelength 


980 nm 


Output power 


15 Watts 


Power Rznee 


I - 15 W 


Output power increments 


1 Watt 


Operetin? modes 


Continuous or Pulsed 


Pulse duration in On or Off modes 


0.0! to 99.9 seconds 


Aiming beam 


Vistbte semiconductor (635 nm, red) < 
mW 


Cooling 


Air cooled 


Wetant 


IS ibs 


Dimensions 


T-x g^x (hxwxdl 


Potmer reQuiremenx 


110 / 220 V 


Ceralas D Technical Speciflcations 


Laser Type 


Integrated GaAlAs semtconductor laser 

arrays 


■^jS^I^civ-' ■■ ■ . _ _.. 


9S0.rim 


Output power 


15 W,25 W, SOW 


Power Ranee 


1 - IS W. 1 - 25 W. J - 50 W 


Outp'jt pcwer increments 


1 Watt 


operating modes 


Continuous or Pulseo 


Pu!5e duration in On or Off modes 


0.0 1 to 99.9 seconds 


Aiming beam 


Visible semiconductor (635 nm, red) 4 


Cooiio? 


Air cooled 


werght 


14 lbs (15 W. 25 W): 19 IDS fSO W) 


Dimensions 


7- X 9- X 14- (15 W, 25 W); 7" x 15" x 
16- (SOW) 


Power requirement 


110/220 V 



For more infbnnation, contact your local sales representative or send an email to 
us at inf oi8) b> ohrec . com . 
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NEW SCIENCE/ HOT TOF 



Thermal Damage of the Inner Vein Wall During 
Endovenous Laser Treatment: Key Role of Energy 
Absorption by Intravascular Blood 

T. M. Proebstle, MD, MSc,* M. Sandhofer, MD,t A. Kargl, MD,* D. GOl, MD,* 
W. RoTHER, PhD,* J. Knop, MD, PhD,* and H. A. Lehr, MD, PhD$ 

^Department of Dermatology and ^Institute of Pathology, University of Mainz, Germany, ^Clinic for Dermatologic 
Surgery, Linz, Austria, and ^Domier MedTech Laser GmbH, Wessling^ Germany 



BACKGKOUND. Despitc die dinical efficacy of endovenous laser 
treatment (EVLT), its mode of action is incompletely under- 
stood. 

OBJECTIVE. Tp evaluate the role of intravascular blood for the 
effective transfer of thermal damage to the vein, wall through 
absorption of laser energy. 

METHODS. Laser energy (15 J/pulsc, 940 nm) was endovcnously 
administered to ccplantcd greater saphenous vein (GSV) scg* 
mcnts filled with blood [n = 5] or normal saline (n =^ 5) in addi- 
don to GSVs under in vivo condidons immediately prior to 
strippiiig. Histopathology was performed on serial sections to 
examine specific patterns of damage. Furthermore, in vitro gen- 

W. KOTHEK. PHD WAS AN^EMPLOYEE OF DOENJER MEDTECH LASER GMBH. TBE STUDY WAS SUPPOKTED BY DORNIEk MEDTECH LASER, 
VTESSUNC. GERMANY, AND BJOIHtQ JENA,.CERMANY'T'itiL PROEBSTLE, MD, MSQ M SANDHOFEK MD, A, KARGL, hdD, D. COL, MD, J, KfiOP, 
MD, PHD, AND H. A. LEHR, MD, PHD HAVE INDICATED NO SIGNmCANT INTEREST WITH COMMERCIAL SUPPORTERS. 



eradon of steam bubbles by different diode lasers (810, 94b, 
and 980 nm) was examined in saline, plasma, and hemolytic 
blood. 

RESULTS. In saline-filled veins, EVLT-iijduccd vessel wall injury 
was confined to die site of direa laser impact. In contrast, blood- 
fillcd veins exhibited thermal damage in more remote areas in- 
cluding the vein wall opposite to the laser impact. Steam bubbles 
were generated in hemolytic blood by all three lasers, while no 
bubbles could be produced in normal saline or plasma. 

EXCLUSION. Intravascular blood plays a key role for homogen 
»usly distributeid thermal damage of the inner vein wall dur- 1 
EVLT. ^ 



RECENTLY, MINIMALLY invasive techniques have 
been clinically introduced for the effective treatment 
of varicose vctos. In particular, VNUS closure^ and en- 
dovenous laser treatment (EVLT)^^ have been sbovm 
to abolish reflux in the incompetent greater saphenous 
vein (GSV). Short-term efficacy has been reported as 
greater than 90%^*^ and 95%,^^ respectively, compar- 
ing well with the results of classic smigery including 
high ligation and stripping of the GSV? Hovrever, 
while the mode of action of VNUS closure has been 
studied in detail, the mechanisms of EVLT action are 
still not completely understood. It has been shown 
that EVLT, unlike VNUS, does not lead to occlusion 
of the vein by significant shrinkage of the vessel wall,^ 
but instead causes a thrombotic occlusion of the laser- 
treated vein.^ 



Address coirespondenoe and reprint requests to: Thomas Proebsde, MD, 
MSc, Dcparmicnt of Dermatology, Univcisiiy of Mainz, Langenbeckstr. 
1, 55131 Mainz, Germany, or e-mail: Thomas Jroebsdc^-finline.de. 



Histopathologic examination of laser-treated veins 
revealed perforation of the vein wall at the site of di- 
rea laser impact and thermal damage of adjacent vein 
wall areas.^'^ For the latter effect, laser-induced steam 
bubble fonnation has been postulated as the responsi- 
ble mechanism,^ implicating a putative role for intra- 
vascular blood serving as a chromophore absorbing 
the laser energy. In order, to further clarify the role of 
intravascular blood daring EVLT, we performed com- 
parative in vitro and in vivo experiments in the pres- 
ence or absence of intravascular blood. 



Patients and Methods 

Administration of Laser Energy to GSV Samples 

EVLT was applied as previously described in detail.^ In 
brief, a 600 \Lm bare fiber with an outer diameter of 1.00 
mm was coimected to a 940 nm diode laser. Under in vivo 
conditions (see Patients), the fiber was inserted below the 
knee into the surgically exposed GSV. The fiber was ad- 
vanced proximaJly to the point of high ligation of the GSV 
and subsequendy withdrawn in steps of about 3-5 mm while 
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laser cncigy was applied.^ Identical laser parameters were 
chosen for the in vitro expeiiments with GSVs (see below). 

In Vitro Experiments With GSVs 

After classic varicose vein surgery of the GSV under tumes- 
cent local anesthesia,'** the stripped vein segment was trans- 
ferred to a saline bath at room temperature. The veins were 
cut into pieces 10 cm in length, and each piece was ligated at 
the proximal end before the laser fiber was inserted from the 
distal end. The vein was then filled either with heparinized 
blood {500 lU hcpajin/20 ml of blood) or with normal sa- 
line. After the distal end was hgated dghrly around the laser 
fiber, single laser pulses of 15 J (15 W, 1 second) were deliv- 
ered every 3-5 mm during stepwise withdrawal o£the fiber, 
tip. During the entire procedure the vein was bathed .com-' 
pletely in normal saline solution- A total of 10 specimens, 5 
filled with blood and. 5 fille'd with normal saline during 
treatment, were subsequently fixed in formaldehyde, em- 
bedded in 1 mm rings in paraffin blocks, and studied histo- 
logically in routine hematoxylin and eosin stains on serial 5 
\un sections. Each section was evaluated vwth respea- to. 
signs of thermal damage at the site of direct laser impact, at 
the adjacent area, and at moic distant sites. Particular atten- 
tion was given to the vein wall opposing^ the site of direct la- 
ser impact; 

Patients 

Two padents scheduled for classic varicose vein surgery un- 
der tumescent local anesthesia' consented to iqidergo exper- 
imental £VLT in the interval between high ligation and 
stripping of the GSV. One patient received EVLT with a 
blood-filled GSV. In the second patient, conditions were 
identical, apart fiom the faa that blood was washed out of 
the GSV and replaced by normal saline prior to EVLT. 
Complete replacement of blood by saline solution was con- 
firmed visually by a flexible vascular fiberscope. The time 
interval between EVLT and invaginated stripping y/^ IS 
minutes. The vein was then cut into 2 cm sections, fixed in 
formaldehyde, and embedded in paraffin blodcs for later 
histologic examination. 

Laser-Generated Steam Bubbles in Normal Saline, 
Plasma, or Hemolytic Blood 

An in vitro setup to measure laser-generated steam bubble 
sizes was used as previously described.'^ Diode lasers with 
810 nm, 940 zmi, and 980 run were used with appropriate 
600 \xm fibers as provided by die manufacturers. Before 
starting the comparative experiments, the energy output of 
each device was calibrated at the fiber tip with a pov/zr 
meter. Before each experiment, the fiber tips were freshly 
cut to avoid secondary carbonization effects. Each laser 
wavelength was tested in tubes filled v^nth normal saline, hu- 
man plasma, and hemolytic blood by administration of 
pulses between 3 and 16 J. Plasma was obtained by centrifu- 
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gadon of heparinized blood for 20 minutes at 2000 g. 
Hemolytic blood was produced by replacing the removed 
plasma with equal volumes of distilled water. 



Results 

EVLT was performed under in vitro conditions on 
QSV segments either filled with blood (« = 5) or filled 
wirih. normal saline (n = 5). In addition, EVLT was 
performed in vivo after high ligation but before strip- 
ping of the GSV, in a vessel filled with either blood or 
normal saline. The generation of steam bubbles in 
normal saline, plasma, -and hemolytic blood was ex- 
amined for laser wavelengths of 810, 940, and 980 
xmi under in vitro conditions.. 

Pathologic Examination of GSV Segments Receh/ing In 
Vitro EVLT 

A minimmn of 20 hematoxylin and eosin-stained se- 
rial secdons-of each vein segment were examined nii- 
croscopically. Detectable changes of the vein wall, at- 
tributable to endovenous laser action, were highly 
reproducible. Figure 1 displays representative cross 
sections of laser-treated GSV segments. In saline-filled 
veins, vein wall damage was exclusively confined to 
the site of direct laser impact (Figure IB), while adja- 
cent regions (Figure lA) and, in particular, the oppo- 
site side of the vein wall (Figure IC) show virtually no 
signs of tissue damage. In contrast, pronounced ther- 
mal damage was detectable along the entire vein wall 
in blood-filled veins (Figure 1D,£), even at the vein 
wall opposite the laser impact (Figure IF). 

Pathologic Examination of EVLT Effects on Surgically 
Removed Veins 

The histopathologic examination of veins stripped af- 
ter EVLT under in vivo condidons -showed a similar 
pattern of thermal damage as the "veins treated under 
in vitro conditions described above. Figure 2 displays 
representative sections of laser-generated complete 
perforations of the vein wall produced from the saline- 
filled (Figure 2A,B) or blood-fiUed (Figure 2D,E) vein. 
Again, the immediate site of laser impact exhibited a 
comparable extent of coagulative necrosis, regardless 
of whether the vein contained saline (Figure 2A) or 
blood (Figure 2D). However, even the inmicdiately 
adjacent inner vein wall showed distinct differences in 
the extent of thermal damage (Figure 2A,B,D,E), with 
severe injury in the blood-filled vein and a virtually 
normal situation in the saline-filled vein. Also, the vein 
wall located at the opposite site of the laser impaa 
showed heat damage in the blood-filled vein (Figure 
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Rgure 1. Representative hematoxylin and eosin seaions of GSV 
segments after In vitro EVIT of A-Q saline filled veins or l>-F) 
veins filled with heparinized blood. Under both conditions, direct 
laser impact causes perforation CA,B) or pronounced tissue abla- 
tion with focal coagulation neaosis at the immediate site of im- . 
pact (D.E). In contrast to the saline-filled vein (A.b),.the blood- 
filled vein exhibits more intensive and more remote injury to the 
adjacent vein wall areas (D,E). Ukewise, superficial coagulative in- 
jury to endothelium, intima. and inner media are seen in vein wall 
areas on the opposite side of the laser impart in blood-filled veins 
(F), but are virtually absent in saline-filled veins (Q. At most, slight 
tissue edema may be seen (Q. Original magnification 55X (A,D) 
and 140X (B.QE.F). 



2F), while in the saline-filled vein, only minimal laser- 
mduced thennal damage was observed (Figure 2C). ■ 

iMser-Induced Steam Bubbles in Normal Saline, Plasma, 
and Hemolytic Blood 

For laser wavelengths of 810, 940, and 980 nm, steam 
bubble volumes were plotted against the administered 
pulse energy (Figure 3). If the tube was filled with nor- 
mal saline or plasma, no wavelength was able to pro- 
duce detectable steam bubbles with pulse energies up 
to 16 J (data not shown). In contrast, in tubes filled 
widi hemolytic blood, steam bubble sizes showed an 




Figure 2. Histopathologic results of In vivo EVLT obtained from 
A-q saline-filled or D-F) blood-filled veins. Arrangement of the 
panels as well ashistomorphologic changes are identical to those 
desaibed in Figure 1 and in the Results section of the manuscript 



ahnost linear proportionality with the administered la- 
ser energy. Note that no major difference could be de- 
tected between the three laser wavelengths. This indi- 
cates that the absorption of all three lasers by 
hemolytic blood is strong enough to transfer the en- 
ergy completely into heat. 

However, we found that this was true only if fi-esh- 
cut fiber tips were used for each experiment. Other- 
wise carbonization of the fiber tip led to extremely 
high tip temperatures, causing additional generation 
of energy through combustion of organic compounds 
of the hemolytic blood (data not shovra). 

Discussion 

Despite growing acceptance and a rapid clinical intro- 
duction of EVLT, the underlying mechanism of action 
of this novel technique is still not fully understood. In 
a recent report of Weiss^ it was demonstrated in ele- 
gant animal studies that endovenous radiofrequency 
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figure 3. Laser-induceci steam bubble volume In hemolytic bloocf 
plotted against delivered pulse energy for wavelengths of 810 nm 
(rhomboid), 940 nm (square), and 980 nm (triangle).' No steam 
bubbles were produced with any of the experimental conditions 
in normal saline or plasma (data not displayed). 



occlusion and EVLT' have completely different modes 
of action. EVLT almost compler ely lacks the shrinkag e 
effect of the vessels caused bY.p.r oJonRed exposure to 
moderate heat (85°C) in radiofreq uency occlusion. In- 
jfg^y ^^y£T gg^j^es perjpradon of the v ein wall at the" 
s ite of d ir ect laser impact,^*^ as a morphologicco^^te 
or^Se consecutiv^ ot 

In a previous report,^ we proposed fifiat laser-gener- 
ated steam bubbles transfer a substantial amount of 
thermal damage to the vein wall during EVLT. These 
steam bubbles are created because of the high absorp- 
tion of 940 nm laser energy in blood, with a technical 
penetration of only 0.3 nun. In water, this penetration . 
depth is as much as 45 nun/ which is more than 100- 
fold deeper than in blood. Conversely, this implies 
that the absorption of 940 nm laser energy in water is 
less than 1% when compared to blood. Since under 
the particular topographic conditions of an endovas- 
cular laser fiber, a laser beam hits the vein wall v^rithin 
Ck markedly shorter distance than 45 mm, it can beT 
I concluded that heat generation by laser absorption I 
[cannot play a major role witliin a saline-filled vein. In J 
this case, a laser beam of less than 1 mm diameter, 
widi a fluence of more than 1500 J/cm^ directly hits 
the vein wall, leading to coinplete perforating ablation 
of tissue (Figures 1A3 and 2A^). 

Our experimental setup tested this hypothesis un- 
der in vitro and in vivo conditions, providing histo- 
pathologic evidence: In a saline-filled vein almost the 
entire amount of focused laser energy is transferred to 
a small area at the vein wall, while in a blood-filled 



vein the thermal damage extends over a much wider 
topographic range of the inner vein wall, including the 
perilesional area and even areas opposite the immedi- 
ate laser impact. This concordance between the in 
vitro and in vivo results suggests a sufficient correla- 
tion and validity of our in vitro model for the in vivo 
situation, despite the fact diat under in vivo conditions 
the vein is much more compressed from outside by the 
presence of tumescent local anesthesia. However, one 
could speculate if a reduced, but still blood-fiUed, lu- 
men of die vein could even facilitate laser-induced 
damage: relatively lower energies would suffice, be- 
cause steam bubbles do not need to be generated in 
•sizes that would be necessary to transfer .homogenous 
damage to larger veins. 

Evidence that blood plays not only a key role in ab- 
^ sorption of 940 nm laser-energy but also in absorption 
of 810 nm and 980 nm laser energy was provided by 
in vitro examination of steam bubble generation. 
While neither normal saline nor plasma were able to 
absorb laser energy substantially enough to generate 
steam bubbles, all three tested lasers produced compa- 
rable steam bubbles when exp"osed to hemolytic 
blood. Such steam bubbles, in all^ three laser systems, 
indicate that blood temperature passes the point of 
boiling at the site of the laser tip, thus transferring 
heat energy homogeneously to the inner yessel wall. 
The formation of these steam bubbles during EVLT 
could easily be monitored real time by duplex scan- 
ning, even allowing a continuous puUback of the laser 
fiber with, the laser in continuous wave mode. One 
may speculate if with such a continuous puUback tech- 
m'que, perforations of the vein wall during EVLT 
could be avoided. However, a too-slow pullbqck ve- 
locity would certainly lead to a completely perforating 
longitudinal cut in the vein wall. Further experiments 
are needed on this topic. Therefore we hope that this 
improved knowledge about the exaa mode of action 
of laser-induced vein damage may contribute to an im- 
provement of endovenous laser treatment. 

Acknowledgment We arc grateful to Mrs. Weingartner for 
skilled technical suppbn and to Mrs. Ganner for excellent 
preparation of the vein samples for histopathologic exami- 
nation. 
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Endovenous treatment of the greater saphenous 
vein with a 940-nm diode laser: Thrombotic 
occlusion after endoluminal thermal damage by 
laser- generated steam bubbles 

T. M. Procbsdc, AID, MSc,* H. A- Lchr, MD, PhD,*' A. Kargi, AtD,* C. Espinola-Klcm, MD/ 
W. Kother, PhD/ S. Bcthgc, MD," and J. Knop, MD, PhD,* Mainz and G^rmain^, Gtrmany 

Psarfne: DespitE a rapid spread of the technique, very Utde is known aboni die lasers-tissue inRxacdoa in endovenous laser 
crcnznenc (EVXT). We evaluated HVL7 of the incompetent grcaxcr saphenous vein (GSV) for czScao^, treatment-related 
adverse e£Fccts, and puiadvc mrf-hanigmK of acxioo. 

Sietbods: TwcmV's i'y ywfi'iff'rt wiVK^ tii nbs of diai cal stages C^^, Ep, with incompetent GSV proven by means 

of duplex scanning were sdeoxd for EVLT in an ouipaticnt sccring. A 600-pjn fiber was entered into the GSV via an 
18-«^angc needle below the knee and proceeded to the saphcnofcmoral junction ( SFJ). After ixifQtradon of tumescent local 
anesthesia, multiple lascT4iulscs of 15 T eners;y and a wavelength of 940 nm were administjcrcd along the vein in a 
STanrinrritTrd fashion. D-dimtts were derrrmined in peripheral biood samples SO wiim<rr< after completion of EVLT in 16 
panenis and on postopezative day 1 in 20 padents. One GSV -that was surgically removed after EVLT was examined by 
means of histopathology. Addidonaily, an apaamentai in vitro set-up was consmicced as 'a pi^TitF of invesogaxi&g the 
mechanism of laser acnon within a blood-filled tube. . 

Bauits: A median of 80 laser pulses (range, 22*116 laser pulses) were applied along the treated veins. On days 1, 7, and \ \J 
38, all limbs except one {^t^) snowed a tfazomhodcally ocduded GSV. In one patient; the vessel showed incomplcic 
ocdusion. The discmce of the proximal end of the thrombus to the SPJ was a median 1.1 an (cangc, 0.2-5.9 cm) is the . . 
temaxning patients*. Adverse rfTri in aU 26 padoiB were eccbymoses and palpable induration along the tfaromboticaUy \ \/ 
ocdnded GSV that lasted for 2 to 3 weeks. In two limbs (6%), thromhophlcbitis of a varicose" tributary required oial 
treatment WLih diclofenac. D-dimos in peripheral blood were inMrri with normal results in 14 of 16 padcnis 30 min nrr^ 
afbcr complexion of the procedure and devatcd results in 7 of 20 padoits at day 1 after EVLT. GEowcver, an inarcasc of 
D.dimers'&om day 0 to day 1 was observed in 15 of the 16 padcqis imrirrgoing tcsis 30 mi'rmiy^ after EVLT and on day 

1- The P<tQ nm Jnsw Tmr HrmnnrmrrH hy mmnt j^f m'lnrm rTprrimmTT ^nrl Tf>r h^croparhrtlogn'ml examinadon of one 

nrpianrrd GSV lo act by means of indirect hear damage of the inner vein wall. 

Omclusionz EVLT of the GSV with a. 940-nm diode laser is c ffi r i ive in inducing' thrombonc vessel ocdnsion and is f 
assodaxed with only minor advose effects. Laser^indunrri indirect local heat injury of tlie inner vein wall by steam bubbles 
originating &om boiling blood is proposed as the paihopfaysiologial mechaxusm of action ofEVLT. QT Vase Surg 2002; ^ 
35:729-36.) 



For many padcncs of clinical stages co with 
' proven incompetence of die saphcno&mord juncdon 
( SFJ) and rcfluics along the greater saphenous vein ( GSV), 
die standard surgical treatment still is high Egadon of the 
vessel and its tzibutancs ar die level of the SFT, with subse- 
qucni stripping of the incompctmc part of the <jSV. In the 
last decade, less-invasive techniques have been funher de- 
veloped, pardcularly the use of nimcsccnt local anesthesia 
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ladlitated ambulatory phlebcctotny^*^ or high ligadon and 
stripping of the GSV.^'^ En the last few years, a radio- 
frequency hearing Ecchniquc has been developed as an 
endoiuininai approach with a distal, microsurgical vein 
access producing excellent cosmetic results.^ One distinct 
major difference compared with classic varicose vein sur- 
gery is diac cndolmninai radio- frequency solely occludes 
the GSV without alfccdng tributaries at the level of the SFJ. 
Such a soatcgy is pardculady remarfcibic, because it is 
generally accepted that recuirent' varicose veins afrcr sur- 
gery often have dieir origin in residual tributaries of the SFJ 
or b a residual saphenous soimp. A recent study that 
suggested chat, at least with short-term foUow-up, ex- 
tended ligadon at the SFJ did not add much when com- 
pared with endoluminal closure of the GSV alone*' raised a 
very controversial discussion. More reccndy, a similar min- 
imally invasive technique, endovenous laser Qcatmcnt 
(EVLT) of the GSV has been introduced,* and, in contrast 
CO cranscuiancoxis laser trcatmcnr of rcucular veins and 
vcmjlect3sias,^*^° we are only starting co Icom about the 

729 



Best Available Copy 

730 BrocbsrUctai 



JOURNAL OF VASCUUKSUR T£t^v 
Anil20Q2 



Table L Charaacrisdcs of 31 creaied limbs of 26 
paaencs who undcrwcni endovenous laser tieacmeni, 
according lo che CEAP dassificanon 



"dumber of 



Clinical scage 

C2 Varicose veins > 4 mm 

C3 Rrirma 

C4Skin changes 

C5 Hcaicd ulcer 

C6 Acdve ulcer 
Edology 

Primary 

Sccamhry 
Anaronxy 

Supondal veins 

Penbnmor veins 

Cockctt n/m 

Shcmian 
Deep veins 
Padiology 
Reflux 
Obsizucdon 



31 (100) 
25 (81) 
U (35) 
0(0) 
4(13) 

31 (100) 
0(0) 

31 flOO) 
17 (55) 
14(45) 

3(10) 

0(0) 

31 (100) 
0(0) 



efficacy, adverse cficcts, and mode of acdon of this novel 
approach. 

This snidy was conducted to obtain more detailed 
dinicai and lustopadiological dam on the appiicarion of 
EVLT in panents widi dinicai stages C^^^ Ep, A^j, P^, 
induding an incompetent GSV. An in vitro set-up was 
developed and used as a means of fiirtfacr darifiang the 

■ mndr nf rirrirtn rsfVXrjT r^p y^ j^ r i n nrt Vm c i TItH/ 



addirional measures like mini-phlcbectoray or sdcrother- 
apy were used as a means of trcaung triburaries of the GSV 
simultaneously. Roughly, die protocol was adapted from 
die paper of Navano et aL* After duolcx scanning-guided 
puncture of die GSV below die knee widi an 18-gauge 
venous catheter (Vasofix, Brann, Mdsungcn, Gcrmanv), a 
J-rip guidcwire (0.035-in, Medcx Medical, Rossendale, 
UK) was advanced by means of duplex scanning control 
coward the SFJ, A 5F angio catheter (Infiniti, 100 cm, 0.97 
mm, vertebral. Cordis Europe, 9301 LI Roden, Ncdier- 
lands) was shortened at the dp with a scalpd by approxi- 
matdy 5 cm to allow passage of the bare fiber more easily. 
The catheter was then Jforwarded over the guidcwire undi 
its rip was located approximacdy 1 cm distal to the SFJ. The 
guidcwire was then removed and r^laccd by a 600-pjn 
bare fiber with an outer diamcocr of 1.00* mm (Type 
D-6100-BF, Domicr xMcdizinLascr GmbH, Gcrmcriiig, 
Germany) connected to a 940-nm diode laser (Mcdilas D, 
Domicr MedizinLascr GmbH), With duplex scanning con- 
trol; the laser fiber rip was passed through che rip of che 
angio catheter, thus cicruding approximardy 6 to 8 mm. 
vifith a final distance coward the SFJ of 1 to 2 cm. The 
correct locadon of the fiber rip could alio be verified 
visually: in che darixned opcrarioii cheater, the ted (645 
nm, 1 mW) pilot beam .was detectable transcutancousiy. 
Tumescent local anesthesia was then infiltrated along the 
GSV fix3m the SFJ down to the point of arn-^^ as described 
elsewhere,^ and given 5 minutes m csiabKsh the ancsthcdc 
efect before the sorr of the laser tieaiznent. Laser energy 
was delivered in a pulsed feshion with a l-second o n and a 



METHODS 

Patients., Parients were sdectcd firom our phlcbology 
dinic as they came in for cvaluadon of specific complaints. 
As part of their routine cxaminarion, all parients underwent 
fiincrional tesring, induding duplex scanning (Sonositc 
180 plus, 4mcd, Eriangcn, (jcrinany). When a dinicai stage 
C^ to C5 with an incompetent SFJ and reflux in the GSV 
were revealed by means of the phleboiogical cxaminarion, 
arid dius an indicarion for high ligarion and stripping was 
presented, parients were asked to choose between dassic - 
varicose vein surgery or EVLT. Only three of 29 parients 
prcfbrcd dassic varicose vein surgery, whereas 26 paricnn 
chose EVLT. However, paricnc made this decision afc 
reading informarion and an additional personal discussion 
with the physidan about EVLT, which, in contrast to 
surgery, so 6r has no long-term follow-op, and the possible 
need for addirional crearmcnr measures, induding dassic 
surgery, hter. Apart fiom che incompetent GSV, other 
incompeccnc superficial veins and perforaror veins were 
colcratcd, but not created simultaneously ro EVLT. Pa- 
rients with secondary vaacosis with deep vein reflux or deep 
vein obsmiaion were not able to undci^ EVLT (Table I). 
All patients gave written informed consent in accordance to 
die Helsinki dedaiarioiL 

Administration of laser energy. The whole EVLT 
procedure was exdusively limirrd co the GSV, and no 



offp eri o dTPmi ag dic"oa yuiud, 15 J ufla^c r 
lnc?gy\vere OdliVercd wim a power of 15 W. During the off 
pericxL, the fiber rip was rciracced 5 to 7 mm tbS cvdc was 
repeated until a distance of 1 cm to the puncmrc sice of the 
GSV was ccached. In this manner, the laser treanneac of the 
entire GSV lasted 3 to 5 minutes. Subscqucndy, che cath- 

- eter was rcraoved, and the parient received a fiiil thigh class 
n comprcssioa stocking, resembling an ankle pressure of 
30^ mm Hg, and was advised co walk immediately. Addi- 
rionaliy, as a precaurion without any fiiriher rarionalc 
bw-molccular-wci^t heparin was administered subcuta- ^ 
ncotishr for 5 days for thrombosis prophylaxis (Fragmin P. 
Pharmacia Sc Upjohn, Eriangcn, Genimny). 

Concomitant duplex ultxasotmd scanning examina- 
tion. All parients underwent duplex ultrasound scanning 
examinations before EVLT, during EVLT, and after EVLT 

- on days 1, 7, and 28, During die course of die examina- 
rions, parients underwent scanning for refluxes in superfi- 
cial veins,, in the deep vdn system, and also in perforating 
veins. Parients with an incompetent or ocduricd deep vein 
system were cxduricd fiom EVLT. Concomicanr incompe- 
ccnc perforaror veins or pathologicai findings in che supcr- 
fidai vein system were recorded, bur did not prevent pa- 
rients ftom receiving EVLT if the GSV was open and 
incompetent firom the SFJ down co bdow the knee. 

During EVLT itsdt duplex scanning was parriculariy 
heipnil in identifying the GSV ar the puncture site, when 
necessary after ndl length down-scanning of the GSV from 
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die groin or up from chc anJdc Duplex scanning was 
hinhcr an important means of localizing the prcdsc posi- 
Don ot'thc laser tip close to the SFJ before odminisiraiion of 
cumcsccnt local anesthesia, because afterward, because of 
the massive subcutaneous fluids, rccogDirion of anatomical 
stiuctutcs was almost impossible. 

Widi scheduled duplex ultxasound scanning control 
examinations on days 1, 7, and 28, a fiiU-lcngth scanning of 
the treated vein was mchidcd as a means of dcmonsnanng 
homogeneous thrombotic occlusion. Ocdusivc dirombo- 
sis was supposed when die vcia was completely fiDcd by an 
incompressible hypocchogcnic mass and when no fluxes 
were detected within the vessel, lumen. Similaiiy, in ±c 
region of the SFJ, chc proximai ending of the thrombus was 
determined by means of compression and detection of 
fluxes. The distance of the proximal thrombus ending 
lowaxd the junction with the deep femoral vein was mea- 
sured. At day 28, die hypocchogcnidty of the dirombus 
had almost disappeared. However, the lack of fluxes and the 
remaining incompressible vessel still allowed sufficient con- 
clusions. Additional scanning of the deep vein system ex- 
cluded a thrombotic affection theie. 

' Testing for D-dimeis in peripheral" blood. After 
dctccridn of EVLT-induced thrombotic occlusion, rather 
than an immediate dgsurc of the' GSV, wc scheduled 
D-dimer testing for every patient. With die exception of the 
first six patients, D-dimcr values (Tinsquanc D-dimer, 
Bochc Diagnostics, Mannheim, Genoany) were scheduled 
CO be detcimined &om blood samples obtained 30 minnrf^ 
and 1 day after the EVLT procedure. According to die 
■ maBunemrcr'j d^u ^cct. D - dimu. vJut^ bduw 0.50 — 
mg/L were considered to be within normal limic. How- 
ever, because of ccchoicai reasons, blood sampling ^cd in 

four patienXS 30 inimirry afrpf EVLT. 

Htscopatliologic examination. One patient gave in- 
fonncd consent to undergo EVLT as part of his routine 
varicose vein surgery procedure, which included extended 
high ligation of the SFJ ajod subsequent stripping of the 
incompetent pans of die GSV. EVLT was administered 
immcdiattly after completion of extended high ligation, 
but before snipping of the GSV. The created vein was left in 
place for anoriicr"15 miniirrs and then removed bv means 
ot stripping. Tlic removed vein was photodocumented (Fig 
I, A) and histopaxhofogically cscunincd with hematoxylin 
and eosin'Staining. 

Mechanism of laser acnon. As a means of evaluating 
die mechanism of action of die 940 -nra laser beam within 
die vein, an cxpcrimcnol set-up was designed (Fig 3, A). A 
silicone cube with an inner diameter of 6 mm was con- 
nected CO a transparent tube with an inner diameter of 2 
mm. The mbc system was then filled with heparinized 
blood. From die opposite side, the laser fiber was inserted 
into the middle of the silicone mbc. Different amounn of 
laser energy were then applied by means of variation of 
cither laser power or pulse duration. Wirfi each laser pulse, 
chc extension of the volume widiin the svstcm was aw^yd 
by documenting the change in die blood level widnn die 
2-mm mbc. Acyiindiical volume calcukics as V = h X irr^ 



(eg, if ajascr pulse produces a movement of die blood level 
ofh= 54 mm, die laser generated steam volume calculates 
as V = 54 mm X tt(1 mmf 170 mm^ corresponding to i 
a steam bubble lengrfi of 6 mm in a tube with a diamcrcr of / 
6 mm). The tcmpcrarure of the steam bubble is supposed / ^ 
to be dose to 100" C and, once generated, should stay on' 
diis level constantly diroughouc iis increase of volume, as it 
is known in die physics of phase transitions, 

RESULTS 

Twenty-six patients, 21 with unilateral and 5 widi 
bilateral incompetent GSV, received EVLT bv means of a 
940 -nm diode laser with tumescent local anesthesia. Nine- 
teen patients were women (73%), and seven patients were 
men (27%), with 22 and 9 limbs treated, rcspccriveJy. The 
median age of the patients was 57 years (range, 27-83 
years). Before treatment, the median diameter of the GSV 
was 6.0 mm (range, 4.0-9.9 mm) at the level of die SFJ. In 
our relatively small cohort with a spectrum of clinical stages 
(Table I), the GSVdiamacr did not coneiate with the body 
mass index of tiie patient (data not shown), the median of 
which was 26.6 (range, 20.0-39.7). The median amount of 
infiltrated tumescent local anesthesia was 650 raL per limb 
(range, 250-1000 mL). 

Technical skills- Inirialhr, before die use of duplex 
scanning for guided puncture of the GSV, access to the 
GSV foiled in two of seven patients. These two patients 
imdcrwcnt subscquenr classic surgery. In four additional 
cases, insertion of the guidcwire from below the knee to the 
SFJ was UDZ possible in one step bccansc of pronounced 

ujiLiiUsii.v uf die" GSV. In ~ iiirgH of r hw ir^w -sg 

additional puncture of the GSV approximatciy 15 cm above 
the Imee allowed tieanncnt in two parts. In one case, EVLT 
was limited to the proximal 20 cm of the GSV because of 
the technical inability ID obtain access oo die more distal 
part of the GSV. 

However, in all cases, 'duplex scannii^-controUed 
placement of the fiber tip was achieved within a distance of 
1 to 2 cm distal from the SFJ. In patients who were not 
ovcrdy obese, this position could be visualized by means of 
tiansaitancous illumination of tbc pilot laser beam. In our 
scries of 31 limbs in 26 patients, this was true in four limbs 
of three male patients with a body mass index between 3 1.5 
and 39.7. However, even in chose obese papcnts, transcu- 
taneous detection of the laser pilot beam was possible after 
applying gentle pressure to the overlaying skin. 

Effects of endovcaous" laser treatment. During 
step- wise removal of the laser fiber, a tnt-rfeiq of 80 pulses 
(range, 22-116) of 15 J energy each were delivered, corre- 
sponding CO a distance of 5 to 7 mm between laser pulses. 

On days 1, 7, and 28 after treatment, ctirombonc 
ocdusion of the GSV was noted in all cases. In 30 of 31 
limbs (97%), the thrombotic occlusion was complete irom 
the distal punctnre site, reaching prozunally up to a m^*^"n 
distance of 1.1 cm (range, 0.2-5.9 cm) fom the SFJ. In one 
limb, the proximal ocdusion of the GSV feilcd over a length 
of 20 cm dcspiir compleic ocdusion of more distal pans of 
die GSV. The diameter of the GSV at the SFJ was 9.9 mm 
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X. Macroscopic and microso^ic hcmaroxyiin and cosin-siamcd hisiopazholo^c cxaimnaxioa of 2 GSV rhar has 
undcr^nc EVLT before smpping. A,- Outer sui&o: of die cndovcnously lascr-ocaird GSV. Daxk spots resembling 
carbon izarinn, or even fiill pcifbiaiion of die vein waU, wax caused by dirccr tm parx pf 940-om Jascr beam. B, 
Innxnal trar nexr 00 a aOQ-pecfbiaxzng laser hie C, Vein wall disnipnon oixscd by dizccc laser im parr x>. High 
magpnifirarion of che maigia axca of veia wall disnj^idon sfaowix^ pronounced cfacnnal damage, including carboniza- 
don. 



and, dicrcfoic^ dbie iargcsr dxamerer of die whole series. 
AddidooaJly, in diis padcnt, wc found by means of duplex 
scanning conaol a large caliber mbuiaxy with hig^ blood 
Eow feeding die GSV ac the disai open poinc 

Adverse effects. A&cr die local anadiedcx&cc sub- 
sided after EVLT, siigbr to moderate local pain was rc- 
ponrd by all paiicnQ over the crcarcd vein. Also, moderate 
ecchymoscs^ most likely caused by laser-induced perfbra- 
rion of die vein wall, could be observed in every paricnt at 
die inner rhigh and knee region from die next day to 
approzunatciy 2 weeks lazcr. However, diesc ecchymoscs 
were not as pronounced as dicy arc usually with dassic 
vancose vein surgery, and no hematoma was found. For die 
fiist2 to 3 weda after EVLT, also aslighriy shorter period 
diaio. fecqumdy observed with dassic surgicai procedures, 
anindnianon was palpable along die txotcd GSV, and dus 
was erprrimrni by die pazicncs as slight to moderace pain 
dunng extended movemcni of The leg. A duosibophlebuic 
rcacdon developed within an unncarcd varicose tributaiv at 



die distal thigh in two panenis 2 and 5 days after EVLT. 
Oral nmrment with didofoziac (75 mg, slow release, dircc 
dmcs a day) resulted in immediate pain coniroL Hyperpig- 
mentation developed in one paricnt over die thrombori- 
caliy ocduded GSV, which was sriU visible at 4 weeks aitcr 
EVLT. All other parienis were 6ce of adverse cfects at 4 
weeks after die procedure. No other advetse effects or 
complicarions were reported- 

D-dfrrtfTS in peripheral bloocL In 16 paricnis, D- 
dimcr levels in peripheral blood were evaluated immedi- 
ately after EVLT, and in 20 panents, blood samples were 
drawn on day 1 after EVLT (Table II). D-dimer levels were 
tested with nonnal results in all safimlcs except one ob- 
cained 30 minutes after EVLT, wirh a median value of 0.39 
mg/L (range, 0.09-O.SO mg/L). When D-dimer levels 
were te st ed at day I afbcr EVLT in 20 paoenis, a median of 
0.43 mg/L (range, 0.24-1.73 mg/L) was found. How- 
ever, only seven blood samples showed D-dimer levels 
exceeding the upper limit of O.SO mg/L. Although die 
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Table IL D^dimer levels in peripheraJ blood of paricnis who undciwcat cndovcnous laser manncnt 



E7Ut„ Endotfcnons hscr msnnesc. 



3(? miisfxxzr 0/xar 



PaiaiB widil Emb ireucd Median 0.30 mg/L Mediaii 0.33 mg/L 



iYiaianu.DUm5^l- Median 0.33 mg/L Median 1 39 

(ranse_0.09-0.80) (^5= 0^4-L7l) SS).M-3 67) 



(tage 0.44-0.48) (cangc O.SO-0.91) (nagc 1.15-2.02) 



0 = 3 



'^P^^ Medi;n0^9m£^ Siio.43«s/L Median 1.43 

(nage0.09^J}0) (range 0^4-1.73) 



absolute values remained mosdy within oonnal limin, D- 
dimer Icvdk were shown bv zscans of inmizidividual eval- 
uation CO increase from day 0 to day 1 id 15 of 16 patients 
who underwent bodi tests. The median increase rado was 
1.43 (range, 0.88-3.67), icflcains the process of dirom* 
bode occlusion of the GSV. When .separating die pancac 
who received unilarcral EVLT from patients who had a 
bilateral procedure (Table H), it looks as if patients .with 
both limbs' treated did not present die very low D-dimcr 
values char are occasionally observed in patienxs with one 
limb oxaied. Ihis observation might relate to two dirom- 
botic processes insttad of one, but also mi^ be influenced 
by the rfirombotic process having proceeded somewhat 
more in die first limb of those patients with bilateral EVLT. 
Unfbrcuna tefy, the numbers arc 'tmaM in Tabic- II and 

thererbrt d O not Wdirant seatispeai anai^ ! 

Paxhologic Gcamination of the cndovenous laser 
treamimr stripped vein. Macroscopically/ the vein wall 
showed reddening, carbonization, or even perforation at 
chose sites ^ere the fiber tq) was closest to die vein wail 
during delivery of laser energy (Kg 1, A). 'P^t^'-t gtoss vein 
wall destruction associated with direct unpact of the laser 
beam (Hg lyB-D) or less pronounced heat-mediated vein 
w^ injury (Fig 2, ft Q was demonstrated bv means of 
microscopical cxaminnrion of corresponding hematoxylin 
and eosin-stained slides. The hear injury dmonsirarcd in 
Fig 2, 3 and C, was coosistenriy dcccciable along die 
distance of 5 to 7 mm of vein wall, between die direct 
impaa of two laser impulses, and. is, in our opinion, cfae 
basis of a subsequent homogeneous chrombbtic ocdusion 
of the vessel At those sites of direct laser action, the most 
dcscractive patterns of tissue damage can be observed: 
perforating and non-pei&iaxing vapotization of the vein 
wall, carbonization of the adjaegT?^ tissue margins, and 
intimal tear b response m the esplosion-like delivery of 
high energy densities, called photo-disruption. However, 
bccaisc a sndppiog was performed after EVLT, some of the 
desmiction observed, like inrimal tears, may originate from 
the scrq>ping procedure iiselE 

Mechanism of action of the 940-nm diode laser. 
Adminfro ation of difeent amounis of laser energy in chc 
in vitro set-up was used as a m«ri 5 of evaluating the 
putative mechanism of laser action within tiie vein (Fig 3). 



During the experiments widi hcparinizcd blood in a sili- 
cone tube, we olxMirved thai a steam bubble formed during 
delivery of las« energy, and.it collapsed immediately after 
disconiinuarion of the laser pulse. When we plotted the 
maadmum volume of die lascr-gcneraucd steam bubble 
against die amount of laser energy delivered, it showed a 
linear correlation (Eg 3, C). As calculated in the Mcdiods 
section, a typical laser pulse with an energy of 1 5 1 produced 
. a steam-bubble of approximately 6 mm in a 6-mm diameter 
vcsseL As shown in Fig 3, Q die formation of a steam 
bubble required a threshold energy of about 1.5 J. This 
threshold energy is needed to heat up chc surrounding 
blood until it reaches boiling tcn^eraturc. A laser pnisc 
energy below this level would only heat die blood, widiout 
any steam bubble forcnaxion. 

DISCUSSION 

The principal finding in this smdv is that EVLT with a 
940 -nm diode laser system, when performed '. Tnd cr tumes- 
cent local anesthesia. Is a dinicaily feasible and well-colcr- 
ancd technique. Because of vein access via an 18-gaugc 
needle, it is a truly minimal invasive procedure, leaving a 
virtually invisible scar dn the patient's "tl gn 

The efficacy of EVLT in obtaining early occlusion of 
. the GSV b.very saiisfectoiy. Even if dicsc arc very carlV 
results, immrdiatc dosurc races of 97% in our scries and 
100% reported by another group with tiic 810-axn diode 
laser^ provide a rationale for fiirtfacr evaiuaring this new 
mediod. 

A. major emphasis of this study was placed on the 
mode of action of this novel cechnique: technically, the 
depth of pcnctiaaon of a 940-am laser beam into blood 
is only approximately 0.3 raim.*^ Also, die laser beam 
remains focused to a very small spot after leaving the fiber 
tip. Although these characteristics of the laser beam 
could explain a focal perforation of the vein wail (Fig 1, 
C, D) immcdiaaly adjacent to the fiber tip, this would 
not adequately explain the widespread injury to the vein 
wall observed in the viciruty of the perforation sites (Kg 
2, 5, C). With our in vitro set-up, we could identify 
steam bubble formation at the laser tip (Fig 3, B), The 
volume of die laser-gcacratcd steam babble correlated 
direpdy to die laser energy (Fig 3, Q. Because such a 
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Eg 2* bidiECCc, SGcam bnbb!e>isecUaxEcl tiienxBl ^^^fx^onr aficr 
EVLT^ sevtnl mfHimrtrre away from areas of ^xecc laser impacc 
A, Comxol: ooiznal vancose van aficr saippi&g widiaui eacficr 

atldci are round id ovaL B, EVLX zcsultcd in a IHt^offof cndo- 

dldiai rrils, a dcnadazioa of die 'inrima loss of rrflnlar mnrrMir^ 

and fibrin depm iiion . Aririfrionalhy, some areas show azarkcd vac- 
uoUzadon of ceils or even spongiosis. C, Swcllmg and waxy ho> 
mogcmzazion of coilagca: Focai.coagul3Xxoa nr rm sii widxizL die 



steam bubble fonnation is expected to occur widiin thc 
vein lumen during EVLT, we propose that this phenom- 
enon accounts for the thermal injury to an extended 
sui£icc of the inner vein wall. 

In a recent paper, Sadick et reported histopatfao- 
logicai altcrazioos of reticular veins and venulectasios after 
oranscQoneous ncodynuum/ynzxmn-aiuminum-gamet la- 
ser ucuuiient that compare wcil with our findings. Tliis 
opens thc qucsdon of whether also in transcutaneous laser 
□rcatmcnt of smaller veins die cruciai damage of die vein 
may involve a similar steam bubble-mediated, hence indi- 
rect, dicrmal injury, rather rh^ n die immediate highly fo- 
cused damage by che laser beam itsel£ 

Sceam bubble fbrmadon is a local, instanmneouslv 
reversible phenomenon that, after collapse of thc bubble, 
poses no risJc, such as gas embolism, co the padenc 
However, the extensive hear damage of the endotheJium 
and thc indma does induce die desired eflfect: fiill- length 
dirombodc occlusion of the vein. Thc complete throm- 
botic occlusion, however, is not detectable immediately 
after EVLT, but can be recognized at day 1 by means of 
a simple duplex scanning examination, which shows an 
incompressible, hypoccho genie cord in the lumen of thc 
saphenous vein. Ilus dirombotic ocdusion is also re- 
flected in all patients with an increase of D-dimcr levels in 
pcnpherai blood by a median &ctor of 1.43. Because in 
our study and another study^ no EVLT-induccd deep 
vein dirombosis occurred, it seems very unlikely that thc 
EVLT-induccd thrombotic process of the GSV has a 
concomitant risk for deep vein dirombosis, as is known 
ibr iupcrfitdal darombophlcbiris." However, it fcmainr" 
unclear whether such an hypothetical risk of deep vein 
thrombosis docs indeed exist or whether it is only so 
much lower compared with supcrEdal thrombophlebi- 
tis^^ that it can only be detected in a larger series of 
patients. 

Other commonly obscivcd adverse eficcts with EVLT 
arc induration along the GSV and mild-to-moderatc ccchy- 
moscs. These ccchymoscs, present for approximately 2 
weeks, could be a- cosmetic problem for panenrs who are 
e.'cpecting a minima lly invasive, barely in^^sibie treatment of 
their GSV incompcrcnce. In this respect, EVLT would 
compare un&vorabhr with endoluminai radio- frequency 
closure. However, when weighed against the potential 
nerve damage after endoluminai radio-frcqucncv treatment 
with subsequent sidn parcsdiesis in as many as 16% of 
patients,^ such an entirely reversible adverse dScct seems 
quite acceptable. 

Less frequent advcxse cSccts^ like dbrombophlcbids of 
untreated rribnratics or appearance of hyperpigmentation 
along die GSV, need to be followed and documented as the 
number of patients and EVLT procedures increase. At least 
die risk of thrombophlebitis could be avoided complcieiy if 
vancose ctibutaries, unlike in die present scries, arc created 
in the same session (eg; with niini-phlebcctomy),'"'^ 

Finally, it remains co be established whether EVLT 
induces cdcLuvc long-term occlusion of the trcaicd veins. 
Recurrent reflux; either originating from the SFJ or rcoc- 
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vein practice 
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all the professional prodticts, services 
need to build a successful vein practice 



A complete line of professional Vari-Lase 
products for endovenous laser therapy 

• Vaii-Lase procedure kits 

- Vari-Lase 810 Laser Consok 

- Bbers, catheters and other piodnct accessories 

Vaii-Lase pioducis arc designed widi the vein practi ce in mind. The Vari-Lasc 
tit is not just a bar of components but a profesaonalfy designed procedure kit for 
endovenous laser trcaiuicui of superficial venous reflux. This kit comes in a variety of 
configurations. In addition. Vascular Solutions offers a fuU line of micro-intKMlucer 
kits, teai-avvsc^ kits and guidewires — everything you iieed to Ik^ 
running smoothly. 



Physician Training - Clinical & Business 

Vascular Solutions is dedicated to providing the finest vein care training available 
fer physicians thA their staff. 

With training centers located throughout the United Stales and Germany, Vascular 
Solutions ofiers its partners the most comprehensive education available on the 
clinical procedures and practice management of total vein care. 



Marketing & Advertising Support 

Vascular Solutions provides real assistance in getting the word out about your 
vein practice. Marketing assistance Inrhydfy: 

* Selection of customized display ads deagned fi>r use in newspapers, yellow 
pages and various graphic dedgns 

* Set of customizable press releases for use in a wide range of publications 

* Consultation with a designer when preparing advcnisemcnts 

* Pofwerpoint presentatiQn on vdn Hi.g'agi* for use in public forums, such as 
heahh fairs u 
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Vari-Lase Endovenous Procedure Kit. 



Vari-tase- the professional entfovenous laser 



Vari-Lase is rtot just a box of components but a 
professionally designed procBdure kit for erxSovenous 
laser treatment of superficial venous reflux. 

The Vari-Lase procedure kit is indicated for the 
treatment of varicose veins associated with superficial 
reflux of the great saphenous vein. 
The Vari-Lase procedure kit can be used In conjunction 
with any solid state diode laser console accepting a 
standard SMA-90S connector and operating at a 
wavelengtii of SlOnm, 940nm, or 980nro and a 
maximum power of 15W. 
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EVLT* is perfenned wiA a 15 watt,8IOnm DIOMED Dio^^ 
Laser that is 

Compact and portable - fits In the treatment room and can 
be transported easily 

Quick to set up - runs from a standard electrical wall socket; 
ready for use in seconds 

Easily maintained - designed as a solid state system and has 
no moving parts 

Easy-to-use - ^ves imntediate access to treatment options 
and operatii^g modes 

Versatile - can be used In 'transdenmaJ applications to treat 
spider veins and smaller vascular lemons (D30 Plus) 

Disposable accessories are provided In a convenient "sH^e use" 
EVLT» Procedure Kit that includes: 



• EVLT* laser fiber with 
SiteMarks" 

* Percutaneous entry needle 
or micro-access kit 



• Guide wire 

* Custom introducer sheath 
vyrith graduated markings 
(standard and lor\g ver^on) 



PRECISH.Y THE RIGHT WAVELENGTH 

The spedfic 81 Onm v/avelength used in EVU* is set to target vein 
treatmenL Its safety and efficacy have been tested and proven in 
mulcipie dmical studies. 
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Status of Claims 

Claims 1-17 and 19-23 and 25-46 are pending in this application. These claims have all been 
rejected and are the claims on appeal-. Claims 18 and 24 have been cancelled. 
Status of Amendments 

All amendments which Applicant has filed have been entered. 
Summary of Claimed Subject Matter 

There are four independent claims, which are claims 1, 14, 25 and 35, in the present 
application. Claims 1 , 25 and 35 are method claims and claim 14 is a system claim, all of which are 
directed to the treatment varicose veins. 

Claim 1 reads as follows: 



- This method is illustrated schematically in Figures 3A-6 and in more detail in Figures 7 and 
8. As described in paragraphs 47-50 of the application, the method comprises using a laser fiber 306 
(which has been deployed through dilator 300) into vein 202. This is described in paragraph 47 of 
the specification as follows: 



The use of a laser having a wavelength between about 1 .2 and about 1 .8 um is described in 
paragraph 52 as follows: 



"1 . An endovenous method of treating a varicose vein comprising 
the step of using a laser having a wavelength between about 1.2 
and about 1 .8 um to heat and shrink collagen in a varicosed vein to 
destroy the functionality of the varicose vein." 



"FIG. 3B is a representative view showing the use of the introducer 
or dilator 300 with the laser fiber 306 passing through the lumen 
302 of the dilator 300 and into the GSV (greater saphenous vein) 
202 ..." 



OHS West:260725205.2 



2 



Applicant 
Appl. No. 
Examiner 
Docket No. 



David R, Hennings 
10/699,212 
David M. Shay 
15487.4002 



"The 1 .2 to 1.8 um laser wavelengths are ideally suited to penetrate 
the small amount of remaining blood in the vessel 200 but also is 
much more strongly absorbed in the vessel wall 704 by collagen. 
Most of the energy is concentrated in the wall 704 for heating and 
shrinkage and is not transmitted through to surrounding tissue 



Claims 2-13, 26, 29, 32, 37 and 41 are dependent, directly or indirectly on claim 1. Claims 2, 
3, 6, 26, 29, 32, 37 and 41 are directly dependent upon claim 1 . Claims 4 and 5 are dependent upon 
claim 3. Clainis 7-9 and 12 are dependent upon claim 2. Claims 10-13 are dependent upon claim 9. 
Claim 2 recites the use of a fiber optic which is disclosed at page 13, line 19 and illustrated in Figure 
1 as element 106. Claims 3-5 are directed to the use of a puUback device which is disclosed at page 
13, line 19 and original claim 3 and illustrated in Figure 1 as element 104. Claim 6 recites the 
preliminary step of removing blood from a vein prior to treatment with laser energy, page 15, lines 
17 and 1 8. Claim 7 recites the use of an introducer catheter to introduce the fiber optic into the vein 
which is disclosed at page 14, lines 3-5 and illustrated in Figure 3B in which the introducer is shown 
as element 300. Claim 8 is directed to the use of a diffusing tip fiber optic which is disclosed at page 
18, line 4 through page 20, line 2 and illustrated in Figures 9A, 9B and 9C. Claims 10-13 are 
directed to the use of a thermal sensor which is described at page 16, line 13 through page 18, line 2 
and illustrated in Figure 6 in which the thermal sensor is shown as element 600. Claim 26 recites 
that the laser energy has a wavelength of about 1.32 um which is disclosed at page 12, line 23, page 
16, line 2, 20, line 16, page 20, line 24, page 22, line 5 and page 23, line 22, for example. The use of 
a Nd: YAG laser is disclosed, for example, at page 1 6, line 1 , page 24, line 2 and at page 22, line 25. 
Claim 32 recites that the laser energy preferentially heats the water in the wall of the vein which is 
disclosed at page 9 line, 10 and at page 23, lines 22 and 23, for example. Claim 41 is directed to 
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heating the target chromophore to a temperature not greater than 85° C which is disclosed at page 8, 



Claim 14 reads as follows: ' 

"14. A system for endo venous treatment of varicose veins 
comprising the following: 

A laser having a wavelength between about 1 .2 and about 1 .8 um; 
and 

A fiber optic laser delivery device having a proximal end and a 
distal end, for delivery of laser energy from the distal end of the 
fiber optic laser delivery device to the inside wall of a varicose 
vein wherein the functionality of the varicose vein is destroyed and 
collagen in the varicosed vessel wall can be heated and shrunk." 

The system of claim 14 is illustrated in Figure 1 and in more detail in Figure 3B. In Figure 1, 

laser console 102 is illustrated and it is disclosed in paragraph 54 that laser 102 can be used to 

provide laser wavelengths in the 1 .2 to 1 .8 um region. In Figure 3B, the fiber optic laser device 306 

is illustrated and described in paragraph 47 as follows: 

"FIG. 3B is a representative view showing the use of the introducer 
or dilator 300 with the laser fiber 306 passing through the lumen 
302 of the dilator 300 and into the GSV (greater saphenous vein) 
202 ..." 

The function of this system to deliver energy to heat and shrink the collagen in the vessel 
wall is described as follows in paragraph 52: 



"The 1.2 to 1.8 um laser wavelengths are ideally suited to penetrate 
the small amount of remaining blood in the vessel 200 but also is 
much more strongly absorbed in the vessel wall 704 by collagen. 
Most of the energy is concentrated in the wall 704 for heating and 
shrinkage and is not transmitted through to surrounding tissue 



Claims 15-17, 19-23, 27, 30 arid 33 are dependent, directly or indirectly, upon claim 14. 
Claims 15-17, 21, 27, 30 and 33 are directly dependent on claim 14. Claims 19 and 20 are 
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dependent on claim 17. Claim 22 is dependent on claim 21 and claim 23 is dependent on claim 23. 

Claim 15 recites a puUback device which is disclosed at page 13, line 19 and illustrated as element 

104 in Figure 1. Claim 16 recites the administration of anesthesia to cause swelling and 

compression of the tissue surrounding the varicose vein which is disclosed at page 14, lines 15-18 

and illustrated in Figure 7. Claim 17 recites an introducer catheter which is disclosed at page 14, 

lines 3-5 and illustrated in Figure 3B as element 300. Claims 19 and 20 recite a diffusing tip on the 

fiber optic which is disclosed at page 18, line 4 through page 20, line 2 and illustrated in Figures 9A, 

9B and 9C. Claims 21-23 recite a therriial sensor and temperature controller which are disclosed at 

page 16, line 13 through page 18, line 2 and illustrated in Figure 6. Claim 27 recites a laser having a 

wavelength of 1.32 um which is disclosed, for example, at page 12, line 23, page 16, line 2, page 20, 

line 24, page 22, line 25, page 23, line 22 and page 24, line 2. Claim 30 recites a Nd:YAG laser 

which is disclosed at page 16, line 1, page 22, line 25 and page 24, line 2. Claim 33 recites that the 

system is adapted to preferentially heat water which is disclosed, for example, at page 23, lines 22 

and 23 and illustrated in Figure 10, 

Claim 25 reads as follows: 

"25. An endo venous method of treating varicose veins with laser 
energy to heat and shrink collagen in the vein and to destroy the 
functionality of the varicosed vein, the method comprising the 
following steps: 

inserting a laser delivery device into the varicose vein; 

delivery laser energy having a wavelength between about 1 .2 and 

about 1.8 um to the varicose vein; and 

retracting the laser delivery device through the varicose vein, 

thereby heating and shrinking the collagen in the vein and 

destroying the functionality of the varicose vein." 
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The first two steps of claim 25 are illustrated and described as set forth above with regard to 
claim 1. The step of retracting the laser delivery device is described in paragraph 51 as follows: 



"The catheter 32 is connected to a motorized pullback device 104 
either inside or outside of the sterile field 108 of the patient. The 
procedure begins by starting the pullback for about 2 or 3 mm and 
then turning tiie laser 102 on at about 5 watts of power. The 
pullback device is illustrated schematically in Figure 1 as element 



Claims 28, 3 1 and 34 are each directly dependent on claim 25. Claim 28 recites that the laser 
has a wavelength of about 1.32 um as disclosed, for example, at page 23, line 22, page 12, line 33, 
page 16, line 2, page 22, line 5 and page 20, line 16. Claim 31 recites a Nd:YAG laser as disclosed 
at page 16, line 1. Claim 34 recites that the laser energy preferentially heats water as described at 
page 9, line 10 and at page 23, lines 22 and 23 and illustrated in Figure 10. 

Claim 35 reads as follows: 

"35. A method of treating varicose veins, comprising 

providing a beam of light comprising a wavelength in the range of 

about 1 200 nm to about 1 800 nm; and 

delivering endovascularly the beam of light to target a 

chromophore comprising water in the wall of a targeted varicose 

vein to treat the vein." 

This method is illustrated in Figure 3B and is described in paragraph 47 as follows: 

"FIG. 3B is a representative view showing the use of the introducer 
or dilator 300 with the laser fiber 306 passing through the lumen 
302 of the dilator 300 and into the GSV (greater saphenous vein) 
202..." 

According to the preferred embodiment of the method and apparatus of the present invention, 
the method is further described in paragraph 52 which states: 



104. 



"The 1.2 to 1.8 um laser wavelengths are ideally suited to penetrate 
the small amount of remaining blood in the vessel 200 but also is 
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much more strongly absorbed in the vessel wall 704 by collagen. 
Most of the energy is concentrated in the wall 704 for heating and 
shrinkage and is not transmitted through to surrounding tissue 
702." 

Water absorption of laser energy in the region between about 1200 nm to about 1 800 nm is 

disclosed in paragraph 65 and is illustrated in Figure 10. In paragraph 65, it is stated: 

"It will further be observed that the region between about 1200 nm 
to about 1 800 nm shows low hemoglobin and higher water 
absorption, which is a key to the present invention." 

Claims 38-40 and 42-46 are dependent, directly or indirectly, on claim 35. Claims 38, 40, 44 
and 45 depend directly on claim 35. Claims 39 and 42 depend on claim 38, claim 43 depends on 
claim 42 and claim 46 depends on 45. Claim 38 is directed to the use of a fiber optic which is 
disclosed at page 13, lines 19 and 20 and illustrated in Figure 1 wherein element 106 is the fiber 
optic. Claim 39 recites the use of a diffusing tip which is disclosed at page 18, line 3 through page 
20, line 2 and illustrated in Figures 9A, 9B and 9C. Claim 40 recites that the treatment reduces the 
size of the varicose vein which is disclosed at page 20, lines 20-22. Claims 42 and 43 recite the use 
of a puUback device which is disclosed at page 13, lines 19 and 20, original claim 2 and illustrated 
in Figure 1 where the pullback machine is element 104. Claim 44 recites removing blood from the 
vein prior to treatment which is disclosed at page 14, line 20, Claim 45 recites the laser power of 1 
to 20 watts which is disclosed at page 15, lines 12 and 13. Claim 46 recites a power of 5 watts 
which is disclosed at page 15, line 12. 

With further regard to the dependent claims, the fiber optic delivery device of claims 2, 14 
and 38 is illustrated as element 306 in Figure 3B and is described in paragraph 47. 
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The procedure of claim 5 in which the pullback device begins retraction of the fiber optic 
device prior to initiating delivery of the laser energy is disclosed in paragraph 5 1 . 

The use of a diffusing tip on the optical fiber recited in claims 8, 19 and 39 is illustrated in 
Figures 9 A, 9B and 9C and is described in paragraphs 62, 63 and 64 as well as in paragraphs 59-6L 

The non-contact thermal sensor of claims 9 and 21 is described in paragraphs 55 and 56. 
Providing the fiber optic laser delivery device with a thermal sensing element as recited in claim 12 
is described in paragraph 55. 

The procedure of modulating the laser power based on the sensed temperature as recited in 
claims 13 and 23 is described in paragraph 55. 

The use of a laser having a wavelength of about 1.32 um as recited in claims 26-28 and 37 is 
disclosed in paragraph 53 and paragraph 79. 

The use of a Nd:YAG laser as recited in claims 29-31 is disclosed in paragraphs 53 and 54. 

The preferential heating of water in the wall of the vein as recited in claims 33-35 is 
disclosed in paragraphs 65 and 79. It is also disclosed in paragraph 21. 

The use of laser power between about 1 to about 20 watts as recited in claim 45 and the use of laser 
power of about 5 watts as recited in claim 46 is described in paragraph 51 . 

There are four independent claims, which are claims 1, 14, 25 and 35. Claims 1, 25 and 35 
are directed to a method of treating varicose veins and claim 14 is directed to a system for treating 
varicose veins. Method claims 1 and 25 and system claim 14 recite treatment using a laser having a 
wavelength between about 1.2 um (1200 nm) and about 1.8 um (1800 nm). Claim 35 recites a 
method using this range of wavelengths to target a chromophore comprising water in the wall of a 
targeted varicose vein. 
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The method of claims 1, 25 and 35 is illustrated schematically in Figures 3A-6. The method 
is illustrated in more detail in Figures 7 and 8. This method is described in paragraphs 47-50 of the 
application. The method comprises introducing a dilator 300 into the vein to be treated with the 
laser fiber 306 passing through a lumen 302 of the dilator 300 and into vein 202. Once the laser 
fiber is properly positioned, laser energy is passed therethrough at a wavelength of about 12 to about 
1 .8 um to preferentially heat the water in the wall of the vein rather than blood which maybe present 
in the vein. 

The use of a pull back device 104 is disclosed in paragraph 5 1 of the application. The use of 
the diffiisers 902, 920 and 926 illustrated in Figures 9A-C is disclosed in paragraph 62-64 of the 
application. The use of thermal detector 600 is illustrated in Figure 6 and is described in paragraphs 
55-57 of the application. 

The system of claim 14 comprising a laser 102 and a fiber optic delivery device 306 is 
illustrated in Figures 1 and 3A-8. 

The preferential absorption of laser energy by the water in the wall of a targeted varicose 
vein recited in claim 35 is disclosed in paragraphs 21, 52, 65, 79, and FIG. 10 of the application. 
This localizes the heating caused by the laser energy in the vessel wall 704 thereby significantly 
inhibiting the heating of surrounding tissue 702 as described in paragraphs 22, 23, 52, and 79. 
Grounds of Rejection To Be Reviewed on Appeal 

Claims 1, 2, 6, 7, 25, 35-38, 40, 41 and 44-46 have been rejected under 35 U.S.C. § 103(a) as 
unpatentable over Goldman Patent No. 6,258,084 in combination with Sinofsky Patent No. 
5,196,004 and Dew Patent No. 4,854,320. Claims 3-5, 42 and 43 have been rejected under 35 
U.S.C. § 103(a) as being unpatentable over Goldman in combination with Sinofsky, Dew and Roth 
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Patent No. 5,207,672. Claims 8 and 39 have been rejected under 35 U.S.C. § 103(a) as being 
unpatentable over Goldman in combination with Sinofsky, Dew and Conn PCT Application No. WO 
92/17243. Claims 9-13 have been rejected under 35 U.S.C. § 103(a) as being unpatentable over 
Goldman, in combination with Sinofsky, Dew and Makower PCT Application No. WO 93/15664. 
Claims 14-17 and 20-23 have been rejected under 35 U.S.C. § 103(a) as being unpatentable over 
Makower, in combination with Roth and Dew. Claim 19 has been rejected as unpatentable over 
Makower, in combination with Dew, Roth and Conn. 

Claims 1, 2, 6, 7, 25, 35-38, 40, 41 and 44-46 have been rejected under 35 U.S.C. § 103(a) as 
unpatentable over Goldman Patent No. 6,258,084 in combination with Sinofsky Patent No. 
5,196,004 and Dew Patent No. 4,854,320. Claims 3-5, 42 and 43 have been rejected under 35 
U.S.C. § 103(a) as being unpatentable over Goldman in combination with Sinofsky, Dew and Roth 
Patent No. 5,207,672. Claims 8 and 39 have been rejected under 35 U.S.C. § 103(a) as being 
unpatentable over Goldman in combination with Sinofsky, Dew and Conn PCT Application No. WO 
92/17243. Claims 9-13 have been rejected under 35 U.S.C. § 103(a) as being unpatentable over 
Goldman, in combination with Sinofsky, Dew and Makower PCT Application No. WO 93/1 5664. 
Claims 14-17 and 20-23 have been rejected under 35 U.S.C. § 103(a) as being unpatentable over 
Makower, in combination with Roth and Dew. Claim 19 has been rejected as unpatentable over 
Makower, in combination with Dew, Roth and Conn. 
Evidence Appendix 

Applicant has submitted declarations under 37 CFR 1.132 together with exhibits. These 
declarations and exhibits are attached hereto as an evidence appendix in conformance with 37 CFR 
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41 .37(c)(l)(ix) as Appendix 2. This evidence was entered by the Examiner in the Office Action 
dated March 13,2009. 
Historical Note 

This Appeal has something of an unusual history. This is not the first Appeal Brief to be 
filed in this application and the Office Action dated March 13, 2009, is not the first Final Rejection 
fi-om which an Appeal has been taken. The earlier appeal never got past the Examiner's Answer 
stage because a new ground of rejection was raised in that Answer. 

There was an earlier Final Rejection dated February 12, 2007 from which Applicant appealed 
and filed an Appeal Brief on October 29, 2007 (which was objected to on formal grounds and 
Applicant filed a corrected appeal brief on November 28, 2007). Almost one year later, the 
Examiner filed an Examiner*s Answer on November 13, 2008 stating that it was in response to an 
appeal brief filed "November 28, 2008" (sic), (November 28, 2007 was the actual date). This Board 
noted that the Examiner's Answer made a new ground of rejection and Applicant was given the 
option of requesting that prosecution be re-opened under 37 CFR 1.111. Applicant did request re- 
opening of prosecution and, on January 13, 2009, responded to the new ground of rejection set forth 
in the Examiner's Answer. This response included a Declaration of David R. Hennings dated 
December 22, 2008 (which was the second Hennings Declaration to be filed in this application) and 
the Declaration of Mitchel P. Goldman dated December 23, 2008, together with Exhibit 1 to the 
Hennings Declaration and Exhibits 1-3 to the Goldman Declaration. The Examiner then rendered 
another Final Rejection dated March 13, 2009 and it is this Final Rejection to which the present 
Appeal is directed. 



OHS Wcst:260725205.2 



11 



Applicant 
Appl. No. 
Examiner 
Docket No. 



David R. Hennings 
10/699,212 
David M. Shay 
15487.4002 



The issues presented in this Appeal involve both (a) the usual comparison of the claims with 
the prior art and (b) the Examiner's refusal to give effect to the evidence submitted in support of 
patentability. Thus, we will first discuss the prior art rejections and why we believe they are 
erroneous and then discuss the extensive evidence which conclusively refutes the Examiner's 
positions and what we believe to be the Examiner's improper refusal to give this evidence the weight 
to which it is entitled. 
The Rejections Are In Error 

Claims 1, 2, 6, 7, 25, 35-38, 40, 41 and 44-46 have been rejected under 35 U.S.C. § 103(a) as 
unpatentable over Goldman '084 in combination with Sinofsky Patent No, 5,196,004 and Dew et al. 
Patent No. 4,854,320. Goldman is directed almost entirely to RF heating of varicose veins and 
contains only one throw-away sentence which mentions lasers at column 7, lines 53-59, and which 
says that "other forms of energy such as microwaves, ultrasound, direct current, unrelated heated 
fluid, radiant light, and lasers can be used....". This single mention of lasers in Goldman is non- 
enabling and occurs only in the context of a listing of several possible altematives to the use o RF 
energy, none of which are otherwise mentioned or enabled. 

The law relating to enablement, and the lack of it, makes it plain that making a passing 
reference to an alternate system does not constitute compliance with the enablement requirement of 
35 use 1 12. For example, in Sitrick v. Dreamworks, LLC . 516 F.3d 993 (Fed. Cir. 2008), the 
patent was directed to an intercept adapter interface system (lAIS) and a Controller 260C for 
integrating images into a predefined audio/visual presentation. The '825 patent-in-suit disclosed that 
"this invention relates to predefined video and audio/visual presentations such as movies and video 
games", but the remaining disclosure was directed in its entirety to video games and there was no 
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further disclosure relating to movies. At 516 F.3d 1000, the Court noted, "the specifications do 

not disclose how the lAIS or Controller 260C would function for movies" and went on to say that 

the "patents do not teach how to implement the internal 'intercept logic functioning' of Controller 

260C in the context of movies." The Federal Circuit then held, 516 F.3d 1002-03 that "all asserted 

claims of the '825 patent are not enabled." 

Similarly, in Auto. Techs. International v. BMW of N.Am.. Inc. . 501 F.3d 1274, 1285 (Fed, 

Cir. 2007), the Federal Circuit said: 

"Disclosure of only mechanical side impact sensors does not permit one 
skilled in the art to make and use the invention as broadly as it was claimed, 
which includes electronic side impact sensors." 

The Federal Circuit's decision in Medtronic Navigation. Inc. v. Brainlab > 222 Fed. Appx. 952 

(Fed. Cu*. 2007), which was not selected for publication in the Federal Reporter and is not 

precedential, nevertheless serves as a useful guide to the state of the law on enablement. In 

Medtronic, the patent was directed to an acoustic or ultrasound range finding system and to an 

electromagnetic position and orientation system to track the movement of an object, but also 

contained the statement: 

"An optical system can be used as an alternative to the acoustic system 
described earlier." 

There was no other disclosure relating to an optical system. The Federal Circuit held: 

"There is no enabling description of how to make and use an optical 
tracking system...." 

Thus, although Medtronic is not precedential, it is consistent with Sitrick with regarding to 
finding a lack of enablement when a specification contains nothing more than a single disclosure of 
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an otherwise unmentioned alternative. So it is here. There is but a single word in Goldman relating . 
to lasers without any further mention of such devices. 

As stated in Fiers v. ReveL 984 F.2d 1 164, 1 171 (Fed. Cir. 1993) such a minimal, non- 
enabling disclosure is "an attempt to preempt the future before it has arrived." 

Furthermore, we have the benefit of the acknowledgement of Goldman himself that the '084 

patent does not enable lasers or laser treatment of varicose veins. Goldman's own Declaration dated 

December 23, 2008, in paragraph 5, states: 

"The work upon which my Patent No. 6,258,084 is based 
involved only the use of tumescent anesthesia in the RF treatment 
of varicose veins and no work of any sort was done involving the 
use of lasers. Prior to filing the application which became Patent 
No. 6,258,084, we had no experience or knowledge which would 
permit us to enable the use of lasers to treat varicose veins. For 
example, we did not know which laser wavelengths might be 
useful nor did we know what power levels might be safe and 
effective." 

This is a direct and unequivocal statement by one of the inventors of the Goldman '084 
patent (who is also one of the inventors named in the present application) that his '084 patent is not 
enabling with regard to lasers. As we will discuss in more detail below, the Examiner, at pages 6 
and 7 of the Final Rejection, attempts to sidestep the Goldman Declaration by resorting to: 

1 . The totally irrelevant fact that claim 3 1 of the Goldman '084 patent does not 
recite tumescent anesthesia; 

2. A refusal to recognize that the word "we" in the Goldman Declaration refers 
to Goldman and his co-workers; and 

3. A seriously misguided attempt to find an inconsistency between the Goldman 
Declaration and the oath of inventorship in the '084 patent. 
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The Examiner's arguments are misplaced and unsupported. In brief: 

1 . The absence of a recitation of tumescent anesthesia in claim 3 1 of the ' 084 
patent has absolutely nothing to do with whether lasers are enabled; 

2. The word "we" in Goldman's Declaration plainly refers to Goldman and his 
co-workers on the subject matter of the '084 patent; and 

3. The Examiner has built a house-of-cards argument based on the inventors oath 
in the '084 patent because none of the original claims recited a laser!' Thus, there 
is absolutely no inconsistency between the inventors' oath in the '084 patent and the 
Goldman Declaration. Furthermore, even if the original claims did recite a laser, no 
court has ever mentioned an inventor's oath as having any consequence when making 
a determination regarding enablement. 

Thus, the Examiner's conclusion as stated at page 7 of the Final Rejection as follows: 

"Thus, weighing Declarant's statement, wherein Declarant 
holds a vested interest in the issuance of the instant application, 
against the evidence afforded by a signed declaration in a U,S. 
patent (which includes a presumption of operability), the examiner 
is not persuaded by Declarant's current stance, that the subject 
matter of the claims of the Goldman et al. ('084) is inoperable." 

is devoid of any support in the record. Furthermore, the issue is not the operability of the claims of 

the Goldman '084 patent, but rather the lack of enablement of lasers in the specification of that 

patent. 



* Applicants ask that this Board take judicial notice of the original claims of the application which 
became the '084 patent. For the convenience of the Board, these claims are provided in the 
appendix to this brief. 
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The '084 patent discloses nothing with regard to laser wavelengths or power levels. The 
choice of laser wavelengths is of crucial importance. Unlike conductive and connective heating, 
laser heating is highly selective and the laser will only heat materials which are a chromophore for a 
given wavelength, but not other materials which are not chromophores for that wavelength. The 
claims in the present application recite a wavelength of about 1200-1800 nm which was a departure 
from the prior laser treatment of varicose veins (which the Examiner has refused to regard as 
meaningful) such as Navarro Patent No. 6,398,777 which discloses the use of lasers having 
wavelengths of 500- 11 00 nm. 

Thus, merely mentioning lasers generally, as Goldman '084 does, leaves the reader entirely 
in the dark as to what lasers, with what wavelengths, for what chromophores might be tried in an 
effort to treat varicose veins. This is the very definition of undue experimentation. In addition, the 
type of laser, power levels and duration of treatment must also be determined requiring even more 
experimentation. Some of the factors to consider in the experimentation required to determine the 
type of laser, the laser wavelength, the power levels and dose duration for a given use are outlined in 
Sinbfsky Patent No. 5, 1 96,004, in cols. 2-5. 

This lack of disclosure in Goldman is also in contrast to the disclosure in Navarro Patent No. 
6,398,777,^ which is regarded by those in the art as representing the first use of lasers to treat 
varicose veins, which, at col. 5, lines 17-23, at col. 6, lines 13-18 and at col. 5, lines 45-49, discloses 
wavelengths of 50-1 100 nm, power levels of 5 to 20 watts and treatment duration of 0.2-10 seconds. 



The Examiner has steadfastly and mysteriously refused to rely on the Navarro patent as a reference, 
see p. 3, lines 2-13, of the Final Rejection. 
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Thus, Navarro provides the type of disclosure which is entirely lacking in Goldman's '084 single 
nonenabling mention of lasers. 

Since Goldman *084 is nonenabling, the attempt to combine Sinofsky and Dew et al. with 
Goldman is an exercise in futility and the rejection of claims 1, 2, 6, 7, 25-38, 40, 41 and 44-46 over 
this combination of references cannot stand. 

Furthermore, even if Goldman '084 were enabling, this rejection would be in error because 
the secondary references do not remedy the deficiencies of Goldman and are completely unrelated to 
Goldman and to each other and cannot be properly combined. Goldman '084 relates to treatment of 
varicose veins, Sinofsky is directed to removal of atherosclerotic plaque and Dew et al. is concerned 
with wound healing. Goldman says nothing at all about laser wavelengths and thus gives no 
guidance with regard to the 1200-1800 nm range recited in the appealed claims. Nor does Goldman 
say anything with regard to choice of chromophores and has no appreciation of the different 
chromophore characteristics of the tissues and fluids associated with varicose veins or of the 
importance of those chromophore characteristics in choosing a laser having a desirable wavelength. 

Sinofsky, who discloses a preferred laser treatment of arterial plaque with laser energy in the 
range 1900-2100 nm (column 3, lines 15-19), also discusses the characteristics of various types of 
lasers and discloses tissue removal with laser energy in the range 1400-2200 nm (column 2, line 63). 
In fact, Sinofsky' s discussion of lasers of different types with wavelengths ranging from 200-2200 
nm at colunms 2-4 makes it clear that the selection of a wavelength suitable for a given target must 
include not only the absorption characteristics of the target, but also the absorption characteristics of 
materials which are not the target but which are in the path of the laser energy, to avoid unacceptable 
energy loss before the energy reaches the target. These characteristics must be taken into account, 
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but the Goldman '084 patent failed to even recognize this need, much less enable the choice of laser, 
choice of wavelength, etc. 

Dew et al. disclose the use of an Nd:YAG laser tuned from its normal wavelength of 1064 
nm to its "secondary wavelength" of 1320 nm, col. 4, lines, 1 1-14, but not for varicose vein 
treatment and not for treatment of plaque, but rather for wound healing and tissue repair by 
solubilizing collagen. In addition. Dew's 1320 nm is outside Sinofsky's lower limit of 1400 nm, and 
Dew's range of 1200-1400 nm is adjacent to the 1400-2200 nm range of Sinofsky. There is no 
disclosure in Sinofsky of a Nd: YAG laser of any type and no disclosure of tuning such a laser to its 
secondary wavelength of 1320 nm. Thus, the wavelength choices in Sinofsky and Dew.et al. are 
antithetical to each other, as are their respective targets, and these references caimot be properly or 
sensibly combined. 

Based on this gallimaufry of references, the Examiner states at p. 15 of the Final Rejection: 
"It would have been obvious to the artisan of ordinary skill 



to employ the wavelength of Dew et al. in the method of Goldman 
et al ('084) wince Goldman ('084) teach no particular wavelength, 
and since the wavelength of Dew et al. can destroy (denature) the 
proteins, but allow near normal tissue to take it's (sic) place. (See 
Dew et al., column 11, lines 37-44) and smce this wavelength is 
highly absorbed as taught by Sinofsky, thus producing a method 
such as claimed." 



To state this proposition is to refute it. The notion that the failure of Goldman to provide any 
guidance with regard to wavelength leaves the Examiner free to pick any reference that discloses, for 
any purpose, a wavelength that comes within applicants' claimed range and combine it with 
Goldman demonstrates a very serious lack of reasoning and has no rational underpinning. Rather, 
the Examiner was motivated only by applicants' claims to attempt a reconstruction of applicant's 
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invention. To then toss Sinofsky into the pot for his teaching that plaque will absorb laser energy at 
1400-2200 nm (column 5, lines 17-21) adds a reference which has nothing to do with Goldman (or 
Dew et al.) and operates in a range which is essentially different from and antithetical to that of Dew 
et al., a difference which stems from the fact that the purpose and the target of Sinofsky are entirely 
different from those of Dew et al. 

Plainly, the Examiner has not made a prima facie case of obviousness by relying on such 
disparate references. In the time subsequent to the decision in KSR International v. Teleflex, Inc.. 
127 S.Ct. 1727, 82 USPQ2d 1385 (2007), this Board has repeatedly recognized that rejections 
should be reversed when the Examiner fails to articulate reasoning with a rational underpinning for 
combining the prior art. For example, in Ex Parte Erkev et al.. Appeal No. 20071375, decided May 
11, 2007, this Board said: 



Similarly, in Ex Parte Crawford et al.. Appeal 20062429, decided May 30, 2007, this Board 

reversed a rejection and said: 

"We find no suggestion to combine the teachings and suggestions of [the 
references] as advanced by the examiner, except from using appellant's invention 
as a template through a hindsight reconstruction of appellant's claims." 

We submit that the Examiner in the present case has done precisely the same thing as the 

Examiner in Crav^ord . Furthermore, it is important to note that KSR cited the decision in In Re 

Kahn, 441 F.3d 977, 988 (Fed. Cir. 2006) with approval. In Kahn, the Federal Circuit stated: 

"[Rjejections on obviousness grounds cannot be sustained by mere conclusory statements; 
instead there must be some articulated reasoning with some rational underpinning to support the 
legal conclusion of obviousness." 



"We determine that the examiner has not provided a sufficient reason or 
explicit analysis of why the disclosures of the references should be combined." 
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In the present case, the Examiner has provided neither articulate reasoning nor a rational 
underpinning to support his rejection. Rather, he has used the silence in Goldman with regard to 
laser wavelength as. a blank check in his effort to reconstruct the claimed invention by relying on the 
unrelated disclosures of Sinofsky and Dew et al. 

Claims 3-5, 42 and 43 have been rejected as unpatentable under 35 U.S.C. § 103(a) over 
Goldman '084 in combination with Sinofsky, Dew and Roth. These claims recite a pull back device 
and Roth, in an entirely different context, also discloses a pull-back device. The most important 
point is that the Roth reference, which is directed to the treatment of benign prostate hypoplasia 
(BPH), does nothing to cure the deficiencies in the attempted combination of Goldman, Sinofsky and 
Dew et al. Furthermore, the Examiner provides no reasoning or rational underpinning for combining 
Roth with Goldman, Sinofsky and Dew et al. they are all directed to different fields of use. Thus, 
the rejection of these claims is in error. 

Claims 8 and 39 have been rejected under 35 U.S.C. § 103(a) as being unpatentable over 
Goldman '084 in combination with Sinofsky, Dew, and Conn. Conn teaches a diffusing tip. 
Applicant does not purport to be an inventor of a diffusing tip for a laser and points out that Conn 
does nothing to cure the deficiency of the attempted combination of Goldman with Sinofsky and 
Dew. Furthermore, the Examiner has not provided reasoning or a rational underpinning for 
combining Conn with the remaining references. It is only an attempt to reconstruct applicants* 
invention which inspires reliance on Conn. Thus, claims 8 and 39 are patentable over the asserted 
combination of references. 

Claims 9-13 have been rejected as unpatentable under 35 U.S.C. § 103(a) over Goldman in 
view of Sinofsky, Dew and Makower. These claims recite the use of a thermal sensor to maintain a 
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desired temperature. Makower discloses the use of inifrared sensing to control heating of prostate 
tissue during the treatment of benign prostate hj^Doplasia. What is significant is that Makower does 
not cure any of the deficiencies in the attempted combination of Goldman with Sinofsky and Dew. 
Furthermore, once again, it is only an attempt re reconstruct applicants' invention which prompts 
citation of Makower. There is nothing in the remaining references to suggest that use of a 
temperature sensor is needed or desirable. The rejection of these claims is thus in error. 

Claims 14-17 and 20-23 have been rejected under 35 U.S.C. § 103(a) as being unpatentable 
over Makower in combination with Roth and Dew. None of these references have anything to do 
with treatment of varicose veins. Makower and Roth are both directed to treatment of BPH and Roth 
discloses, at column 10, line 33, that the standard wavelength for an Nd:YAG laser is 1,064 nm. 
Makower discloses a Nd: YAG laser, but gives no information with regard to wavelength, so it is 
reasonable to read Makower as disclosing a standard Nd:YAG laser having a wavelength of 1064 
nm. The notion that one skilled in the art interested in treating BPH as disclosed in Makower and 
Roth which explicitly or implicitly disclose the standard wavelength of 1,064 nm would have any 
interest in the secondary laser wavelength of Dew et al., which is used for an entirely different 
purpose, is simply untenable. Furthermore, Makower and Roth cannot be combined. Makower is 
directed to a device which has a "locking" means to prevent movement of his laser and all of the 
claims in Makower are limited to a locking means. Roth, on the other hand, wants to pull his laser 
device through the tissue which is incompatible with the locking system of Makower. Thus, this 
rejection is based on an absolutely improper combination of references. Furthermore, Dew et al. use 
a tuned Nd:YAG laser in order change it from its standard 1,064 nm wavelength to obtain the 
"secondary wavelength" of 1,320 nm for a use completely different from the treatment of BPH. See 
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col. 6, lines 11-18. There is absolutely nothing to suggest that either Makower or Roth would want 
to use the wavelength of Dew et al. 

Claim 19 has been rejected under 35 U.S.C. § 103(a) as unpatentable over Makower in view 
of Dew, Roth and Conn. This is, if it is possible, an even more improper combination than that of 
Makower, Dew and Roth. Conn teaches a diffusing tip for a laser. There is nothing in any of 
Makower, Dew or Roth to suggest that they have any interest in a diffusing tip, that it would be 
useful in any of their devices or that one skilled in the art would have any inclination to use a 
diffusing tip in those devices. Thus, this rejection is also in error. 

It is believed that the foregoing discussion establishes the reversibility of the Examiner's 
rejections. However, there is much more. Applicants have submitted several declarations during the 
course of prosecution which trace the real-world evolution of the treatment of varicose veins with 
energy and have pointed out the Navarro Patent No. 6,398,777 and its place in the evolution of 
varicose vein technology. We tum now to those considerations. 
Navarro Patent No. 6,398,777 

The Navarro patent is regarded by those in the art as representative of the early work done 
with regard to the use of lasers in treating varicose veins. It discloses the use of lasers which have 
wavelengths in the range of 500-1 100 nm which target the hemoglobin in blood as a chromophore 
for these wavelengths. 
The Adoption of Laser Technology 

Prior to the present invention, all of the laser devices for patient treatment of varicose veins 
used lasers having wavelengths in the range of 810-980 nm. As shown in Exhibits A-E to the 
Hennings Declaration dated June 30, 2005, these devices were: 
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Exhibit A - Domiter - 940 nm 

Exhibit B - Biolitac - 980 nm 

Exhibit C - AngioDynamics - 980 nm 

Exhibit D - Vascular Solutions - 810 nm, 940 nm and 980 nm 

Exhibit E - Diomed - 8 1 0 nm 

Thus, the real world of laser treatment of varicose veins prior to the present invention 
constituted targeting hemoglobin as a chromophore and using wavelengths in the range of 810-980 ' 
nm. This is reflected in a survey article entitled Endovenous laser ablation: mechanism of action by 
Drs. Fan and Rox-Anderson which is attached as Exhibit 1 to the second Hennings Declaration dated 
December 22, 2008. 

The Fan/Rox- Anderson article also describes, at page 208, the difference between the 

Navarro and other prior art wavelengths and that of the present invention as follows: 

"Hemoglobin and to a lesser extent myoglobin in vein wall smooth muscle 
components are the dominant chromophores at the lower end of this range [810, 
940, 980 and 1064 nm], while at 1320 nm water dominates as the energy- 
absorbing molecule." 

At page 209, the Fan/Rox- Anderson article describes the use of 1320 nm energy as follows: 

"Special consideration must be given to EVLA (endovenous laser 
ablation) with 1320 nm Nd:YAG laser. At this wavelength the dominant 
chromophore is water and, as the biological tissue is largely composed of water, 
deeper energy penetrance and photothermolytic effect can be achieved at lower 
fluence. Compared with 12-15 W power setting typically used during EVLA with 
810-1064 nm wavelength light, EVLA at 5 W v^th the 1320 nm laser has been 
shown to be effective at 12-month follow-up for closing saphenous veins 12nmi 
in diameter. At this higher wavelength and lower energy application, clinical 
evidence of perforation (pain, bruising) appears to be reduced." 
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Prior Art Taught Against the Use of Wavelengths Higher Than 1064 nm 

At the time the present invention was made, it was the prevailing scientific view that the use 

of laser wavelengths above 1064 nm was undesirable. In addition to the fact that hemoglobin would 

no longer be a chromophore for wavelengths above 1064 nm, it was believed that, as reflected in 

Exhibits A, B and C to the Geriak Declaration dated November 22, 2005 that it would be 

disadvantageous to the patient to use wavelengths higher than 1064 nm. 

As stated in the Minn et al. article, Exhibit A to the Geriak Declaration entitled Endovenous 

Laser Treatment of Saphenous Vein Reflux: Long-Term Results from the Journal of Vascular and 

Interventional Radiology, August 2003, pages 991-996, at page 995: 

"Published experience with endovenous laser with use of wavelengths 
other than 810 nm is limited. A recent study by Chang and Chua reported the use 
of 1064 nm laser energy delivered endovenously for treatment of GSV (greater 
saphenous vein) reflux. Although this study reported a success rate of 96.8% in 
244 legs followed up to 28 months, significant complications were noted, 
including paresthesias (36.5%) and skin bums (4.8%). ... In addition, patients 
treated with the 1064 nm wavelength underwent spinal or general anesthesia rather 
than strictly local tumescent anesthesia." 

Thus, as the wavelength increased, additional "significant complications were noted" and, 
unlike treatment with lower wavelengths, spinal or general anesthesia was required rather than 
strictly local anesthesia. 

Still further, at page 995, the Minn et al. article goes on to state: 

"In comparison, in our series of more than 500 limbs treated v^th 810 nm diode laser . 
energy delivered endovenously, there have no heat related complications despite the high 
temperatures attained at the laser fiber tip. This may be explained by the following: (1) 
improved delivery and use of sufficient amounts of tumescent fluid in the proper tissue plane 
providing protective thermal 'sync'; (2) selected homogeneous and circumferential heating of 
the inner vein wall by absorption of 810 nm laser energy by blood lining the vein wall, as 
noted in a recent study by Proebstle et al., rather than deeper penetration of laser energy as 
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less homogeneous heating from endovenous laser performed with wavelengths such as 1 064 
nm which are absorbed less by blood and more by water; and (3) faster rates of withdrawal 
and shallower depth of penetration of 810 nm laser energy resulting in less damage to 
surroxinding nontarget tissue compared with methods that use RF." 

The Proebstle article referred to in the Minn et al. article is Exhibit B to the Geriak 
Declaration and is entitled Thermal Damage of the Inner Vein Wall During Endovenous Laser 
Treatment: Key Role of Energy Absorption by Intravascular Blood, which appeared in 
Dermatologic Surgery, July 2002, pages 596-600. This article, e.g., at page 599, plainly teaches the 
desirability of using laser energy in the range 810-980 nm, e.g., at page 599, where it emphasizes 
that blood plays a "key role in absorption of 940 nm laser energy but also in absorption of 810 and 
980 nm laser energy". Thus, the emphasis was on using wavelengths for which blood, not water, 
would be a chromophore. 

Similarly, the Proebstle article attached to the Geriak Declaration as Exhibit C, which is 

entitled Endovenous Treatment of the Greater Saphenous Vein With a 940 nm Diode Laser: 

Thrombotic Occlusion After Endoluminal Thermal Damage by Laser-Generated Steam Bubbles^ 

which appeared in Journal of Vascular Surgery, April 2002, pages 729-736, emphasizes the then 

prevailing view that it was important to target blood as the chromophore with a 940 nm wavelength 

« 

laser. 

The foregoing articles are, of course, consistent with the disclosure in the Navarro 777 
patent. In addition, each of them cites to the Navarro article which appeared in Dermatological 
Surgery in 2001 in Volume 27 at pages 1 17-122 as the initial work in using lasers to treat varicose 
veins which was the basis for the Navarro 777 patent. These references are footnote 12 in Exhibit A 
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to the Geriak Declaration, footnote 3 in Exhibit B and footnote 8 in Exhibit C. This Navarro paper 
contains essentially the same disclosure as the Navarro 777 patent. 

Thus, to recapitulate prior to the present invention, not only was blood (and the hemoglobin 
in blood) considered to be the proper choice of chromophore for treatment of varicose veins with 
laser wavelengths in the range 810-980 nm, but it was also the view of the prior art that treatment 
with wavelengths as high as 1064 nm was undesirable. This is confirmed by the 2008 survey article 
by Fan/Rox- Anderson ^yhich cites the Navarro 777 patent in footnote 15 as the earliest disclosure of 
laser treatment of varicose veins. Thus, the uniform view expressed in the scientific literature is that, 
prior to the present invention, there yvas no consideration of using anything other than blood as a 
chromophore for laser energy in the 810-980 nm wavelength range, and that a wavelength as high as 
1064 nm was undesirable. The present invention was a substantial and significant departure from 
this prior art, i.e., targeting water as a chromophore with laser energy in the range 1200-1 800 nm 
was demonstrably unobvious to the prior art. 

Furthermore, subsequent to applicants' invention, at least one other worker has followed in 
their footsteps. See Paithankar, Published Application No. 2005/001523, filed June 30, 2004, based 
on a provisional application filed on June i30, 2003, which discloses the use of wavelength of 1 160 
nm to 2600 nm in the treatment of varicose veins. Paithankar confirms, in paragraphs 53 and 54, 
that using energy having the wavelengths claimed in the present application minimizes collateral 
damage to "tissues surrounding the target blood vessel." 
The Examiner's Refusal to Consider the Evidence of Patentability 

The Examiner has repeatedly refused to consider the evidence of patentability submitted by 
applicants. In the earlier final rejection dated February 12, 2007, the Examiner had the following to 
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say about the scientific literature and the activity of those in the real world of varicose vein 



"Applicant then posits that in the real world those attempting to use lasers 'to 
accomplish the purpose of Goldman' deliberately choose not to use applicants 
wavelengths; The examiner must respectfully disagree. Firstly, it is noted that the 
three articles submitted by applicants do not constitute a statistically significant 
sample of all the publications dealing with laser treatment of varicose veins and as 
such, cannot be the basis for a claim such as made by applicant. Secondly, the 
'purpose of Goldman' is to heat the vessel wall {see, for example column 9, line 13}. 
The purposes of the articles submitted by applicant is (sic) is to heat the blood in the 
vessel. And, as clearly taught by Dew et al. and set forth above, this is achieved by 
employing wavelengths that are absorbed by the tissue that it is desired to be heated." 

In the final rejection dated March 13, 2009, the Examiner seems to abandon the position 

taken in the final rejection dated February 12, 2007 and says the following with regard to the 

evidence of patentability : 

"It is important to note that the articles and product information were 
submitted with affidavits and that all affidavits only aver that the submissions are 
"true copies" of the articles or product literature which is described in the affidavits. 
There is no assertion whatsoever in any affidavit of record that the articles or product 
literature are in any way representative of the prior art with respect to varicose vein 
treatment. Instead such assertion are made only in the remarks accompanying the 
affidavits. This is interesting, given that these remarks bear the signature of Mr. 
Geriak one of the affiants. However, as these assertions are only submitted in the 
. form of remarks accompanying a response, they cannot be elevated to the status of 
evidence. As such, these remarks are noted, but do not speak to the propriety of the 
combination which the examiner has applied to the claims." 

The foregoing statement is remarkable in many respects, but the single most remarkable 
aspect of the Examiner's statement is the sentence which says "There is no assertion whatsoever in 
any affidavit of record that the articles or product literature are in any way representative of the prior 
art with respect to varicose vein treatment." Just the opposite is true. 



treatment: 
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In the Hennings Declaration dated December 22, 2008, after stating in paragraph 4 that Mr. 

Hennings has "30 years of experience in the design, development and use of laser-based devices for 

medical applications and 6 years of such experience with regard to lasers used for treatment of 

varicose veins", Mr. Hennings says, in paragraph 10: 

"Based on my own first-hand knowledge I can state unequivocally that the 
Examiner was incorrect in refusing, at page 1 1 of the Examiner's answer, to accept 
the assertions of our counsel, Mr. Geriak, that Exhibits A, B and C to his declaration 
were representative of the prior art. Furthermore, I believe that the Fan/Rox- 
Anderson article attached hereto is fully consistent with the fact that Exhibits A, B 
and C attached to the aforesaid Geriak declaration are representative of the prior art." 

Similarly, in paragraph 8 of the Goldman Declaration dated December 23, 2008, Dr. 

Goldman states: 

"Our use of laser wavelengths in the range 1200-1 800 run as claimed in the 
present application was contrary to the view held by prior art workers that such 
wavelengths would be undesirable, a view expressed in the Minn and Proebstle 
articles which are attached to the Geriak declaration as Exhibits A, B and C and 
which are representative of the belief held by the prior art prior to the invention 
claimed in this application." 

Thus, the Examiner's assertion that there are no such declarations of record in the present 
application is profoundly erroneous. 

The Examiner's earlier statement in the final rejection dated February 12, 2007 that the 
articles attached as Exhibits A, B and C to the Geriak Declaration do not constitute a "statistically 
significant sample" of "all the publications dealing with laser treatment of varicose veins" is not only 
seriously misguided and unsupported by identification of any other such publications, it is also at 
odds with the Fan/Rox-Anderson survey article attached as Exhibit 1 to the Hennings Declaration 
dated December 22, 2008. That article cites to the two Proebstle articles. Exhibits B and C to the 
Geriak Declaration, in footnotes 7 and 14. This is a powerfiil demonstration that the Proebstle 
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articles are fully representative of the prior art. In addition, the Fan/Rox-Anderson article also cites 
two articles from the Journal of Vascular and Interventional Radiology in footnotes, 12, 21 and 22 
which is the same journal in which the Minn article attached as Exhibit A to the Geriak Declaration 
appeared. There are no articles cited in the Fan/Rox-Anderson survey article which in any way 
contradict or express a view contrary to the view expressed in Exhibits A, B and C to the Geriak 
Declaration. Thus, there is absolutely no basis for the notion that those articles are "not statistically 
significant". Furthermore, from a statistics perspective, if all of the articles on a given subject agree, 
they are indeed statistically significant. 

In addition, the Examiner's position statement at pages 19 and 20 of the final rejection dated 
March 13, 2009 takes on a surreal quality when compared with the Examiner's statement at page 2 of 
that final rejection that "In paragraph 6, declarant (Hennings) asserts that the scientific literature 
attached to the Geriak declaration 'are fully representative of the prior art with respect to varicose 
vein treatment." And the Examiner's statement at page 4 that "In paragraph 10, declarant (Hennings) 
asserts that 'I can state unequivocally that the Examiner was incorrect in refusing, at page 1 1 (sic 9) 
of the Examiner's answer, to accept the assertions of our counsel, Mr. Geriak, that Exhibits A, B and 
C to his Declaration were representative of the prior art.'" is equally at odds with his position 
statement on pages 19 and 20. Thus, although the existence of any such declarations is denied on 
page 19 of the final rejection, there is. a recognition on pages 2 and 4 that such declaration statements 
do exist. Then, to compound matters, the Examiner goes on to say at page 4 of the final rejection 
that "Declarant's (Hennings) statement is simply opinion testimony." Factual statements such as 
those made by Mr. Hennings cannot be blithely wished away by characterizing them as "opinion". 
The Hennings statements are fact, not opinion, and are not contradicted by anything in the record. 
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Indeed, the Examiner acknowledges at pages 5 and 6 that the Fan/Rox- Anderson article is consistent 
with the articles which are exhibits to the Geriak Declaration being representative of the prior art. 

Furthermore, at page 8 of the final rejection, the Examiner discusses paragraph 8 of the 
Goldman Declaration but entirely fails to recognize the statement in that paragraph that Exhibits A, 
B and C to the Geriak Declaration are representative of the prior art. 

Thus, the Examiner has variously denied the existence of the Hennings and Goldman 
Declarations (page 19), recognized the statements in paragraphs 6 and 10 of the Hennings 
Declaration at pages 2 and 4 of the final rejection, but dismissed them as "simply opinion testimony" 
at page 4 of the final rejection and has ignored the same statement regarding representative prior art 
in paragraph 8 of the Goldman Declaration at page 8 of the final rejection. This head-spinning 
inconsistency in the final rejection defies explanation. 

Thus, the final rejection falls far short of the standard set forth in In Re Kahn. 441 F,3d 977, 

988 (Fed. Cir. 2006) that: 

"[RJejections on obviousness grounds cannot be sustained by mere conclusory 
statements; instead there most be some articulated reasoning with some rational 
underpinning to support the legal conclusion of obviousness." 

Here, there is just the opposite. The Examiner's statement of his positions is inconsistent and 
those positions are all over the lot. Furthermore, those positions cannot be read other than as a flat- 
out refiisal to give effect to the evidence of patentability submitted by the applicants. Such a refiisal 
is directly contrary to law as set forth in In Re Sullivan , 498 F.3d 1345, 84 USPQ2d 1034 (Fed. Cir. 
2007) which held that evidence submitted by a patent applicant must be given meaningful 
consideration. Furthermore, as noted in In Re Sullivan, at 498 F,3d 1351, evidence "that the prior art 
teaches away fi-om the claimed invention in any material respect is probative evidence of 
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unobviousness." Similarly, the decisions in In Re Haruna, 249 F.3d 1327, 1335 (Fed. Cir. 2001) and 



in Tec Ain Inc. v. Denso Mfg. Co .. 192 F.3d 1353, 1360 (Fed. Cir. 1999) state that: 

"A reference may be said to teach away when a person of ordinary skill, upon 
reading the reference, .... would be led in a direction divergent from the path that was 
taken by the applicant." 

This is precisely the situation presented in this appeal in which the applicants diverged both 

with regard to chromophore targets and laser wavelengths from the path taken by the prior art. This 

is compelling rebuttal evidence of patentability. However, the Examiner has utterly failed to comply 

with the requirement of Sullivan at 498 F.3d 1351 that: 

"When a patent applicant puts forth rebuttal evidence, the Board must 
consider that evidence. See In Re Soni . 54 F.3d 746, 750 (Fed. Cir. 1995.)" 



In Sullivan , the Court remanded the case to the Board. In the present case, it is respectfully 
submitted that the deficiencies in the Examiner's rejections, even without his refusal to consider the 
evidence of patentability set forth in the declarations, mandate a reversal of the Examiner's rejectionis 
and that the evidence of patentability which has been submitted would overwhelmingly refute a 
prima facie showing of obviousness if such a showing had been made. Thus, it is believed that 
reversal of the Examiner's rejections is appropriate. 
Conclusion 

The claims in the present application are directed to an invention which is plainly patentable 
over the prior art. It is respectfully submitted that a reversal of each of the rejections is appropriate. 
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Request for Oral Hearing 

Applicant hereby requests that an Oral Hearing be scheduled in this application. The 
Commissioner is hereby authorized to charge any fees associated to Deposit Account No. 15-0665 
Fees 

The Commissioner is authorized to charge Orrick's Deposit Account No. 15-0665 for any 
fees required and credit any overpayments to said Deposit Account No. 15-0665. 

Respectfully submitted, 

Orrick, Herrington & Sutcliffe, LLP 

Dated: September 11, 2009 By: 

James W. Geriak, Reg. No. 20, 233 

ORRICK, HERRINGTON & SUTCLIFFE LLP 
4 Park Plaza, Suite 1600 
Irvine, CA 92614-2558 
Telephone: 949/567-6700 
Facsimile: 949/567-6710 
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APPENDIX 

1 . An endo venous method of treating a varicose veins comprising the step of using a 
laser having a wavelength between about 1.2 and about 1.8 um to heat and shrink collagen in a 
varicosed vein and to destroy the functionality of the varicose vein. 



2. The method of claim 1 in which the laser energy is delivered with a fiber optic laser 
delivery device. 

3. The method of claim 1 further comprising the following steps: 
inserting a fiber optic laser delivery device into the varicose vein; 

using a puUback device to retract the fiber optic laser delivery device through the varicose 
vein at a rate of between about 0.1 mm/sec and about 10.0 mm/sec while simultaneously delivering 
laser energy therefrom. 

4. The method of claim 3 in which the fiber optic laser delivery device is retracted at a 
rate of between about 1 .0 mm/sec and about 5.0 mm/sec. 

5. The method of claim 3 in which the pullback device begins retraction of the fiber 
optic laser delivery device just prior to initiating delivery of the laser energy, thereby preventing the 
tip of the fiber, optic laser delivery device from sticking to the vessel wall. 

6. The method of claim 1 further comprising the preliminary step of removing blood 
from the varicosed vein prior to treatment with laser energy. 

7. The method of claim 2 in which the fiber optic laser delivery device is introduced to 
the varicose vein through an introducer catheter. 
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8. The method of claim 2 in which the energy delivered through the fiber optic laser 
delivery device is evenly distributed by using a diffuse radiating-tip mounted to the distal end of the 
fiber optic laser delivery device. 

9. The method of claim 2 in which an non-contact thermal sensor is used to maintain a 
desired temperature. 

10. The method of claim 9 in which the thermal sensor is used to maintain a desired 
coagulation temperature. 

1 1 . The method of claim 9 in which the thermal sensor is used to maintain a desired 
collagen shrinkage temperature. 

12. The method of claim 2 further comprising the step of using the fiber optic laser 
delivery device as a thermal sensing element. 

13. The method of claim 9 further comprising the step of modulating the laser power 
based on the sensed temperature to maintain the desired temperature. 

14. A system for endovenous treatment of varicose veins comprising the following: 
a laser having a wavelength between about 1 .2 and about 1.8 um; and 

a fiber optic laser delivery device having a proximal end and a distal end, for delivery of laser 
energy from the distal end of the fiber optic laser delivery device to the inside wall of a varicose vein 
wherein the functionality of the varicose vein is destroyed and collagen in the varicosed vessel wall 
can be heated and shrunk. 

15. The system of claim 14 further comprising a pullback device which retracts the fiber 
optic laser delivery device through the varicose vein at a rate of between about 0. 1 mm/sec and about 
10.0 mm/sec. 
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16. The system of claim 14 further comprising means for administration of anesthesia to 
tissue surrounding the varicose vein, wherein the anesthesia causes swelling of the tissue 
surrounding the varicose vein which causes compression of the varicose vein in order to remove 



17. The system of claim 14 further comprising an introducer catheter in which an 
elongated lumen portion has a proximal end and a distal end, wherein the fiber optic laser delivery 
device is introduced to the introducer catheter through the proximal end and is introduced to the 
varicose vein through the distal end. 

18. (cancelled) 

19. The system of claim 17 further comprising a diffusing tip at the distal end of the 
introducer catheter for providing even distribution of energy radiating during treatment. 

20. The system of claim 17 further comprising a diffusing tip at the distal end of the fiber 
optic laser delivery device for providing even distribution of energy radiating during treatment. 

21. The system of claim 14 further comprising an non-contact thermal sensor. 

22. The system of claim 21 further comprising a controller coupled to the thermal sensor 
for controlling the temperature in a region near the distal end of the fiber optic laser delivery device. 

23. The system of claim 22 in which the controller modulates a power input to the laser 
for controlling the temperature in a region near the distal end of the fiber optic laser delivery device. 

24. (cancelled) 

25. An endovenous method of treating varicose veins with laser energy to heat and shrink 
collagen in the vein and to destroy the functionality of the vari cosed vein, the method comprising the 
following steps: 
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inserting a laser delivery device into the varicose vein; 

delivering laser energy having a wavelength between about 1 .2 and about 1 .8 um to 
the varicose vein; and 

retracting the laser delivery device through the varicose vein, thereby heating and 
shrinking the collagen in the vein and destroying the functionality of the varicose vein. 

26. The method of claim 1 wherein the laser has a wavelength of about L32 um. 

27. The system of claim 14 wherein the laser has a wavelength of 1.32 um. 

28. The method of claim 25 wherein the laser energy has a wavelength of about 1 .32. um. 

29. The method of claim 1 wherein said laser is a Nd: YAG laser. 

30. The system of claim 14 wherein said laser is a Nd:YAG laser. 

3 1 . The method of claim 25 wherein said laser is a Nd: YAG laser. 

32. The method of claim 1 wherein the laser energy preferentially heats the water in the 
wall of the vein. 

33. The system of claim 14 wherein the laser is adapted to preferentially heat water. 

34. The method of claim 25 wherein the laser energy preferentially heats the water in the 
wall of the vein. 

35. A method of treating varicose veins, comprising: 

providing a beam of light comprising a wave length in the range of about 1200 nm to 
about 1800 run; and 

delivering endovascularly the beam of light to target a chromophore comprising water 
in the wall of a targeted varicose vein to treat the vein. 

36. (Cancelled) 
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37. The method of claim 1 wherein said wave length is about 1320 nm. 

38. The method of claim 35 further comprising delivering the beam of light via an optical 



39. The method of claim 38 further comprising delivering the beam of light through a 
diffusing tip connectable to the optical fiber. 

40. The method of claim 35 wherein the treatment comprises reducing the size of the 
targeted varicose vein. 

41. The method of claim 1 further comprising heating the target chromophore to a 
temperature not greater than about 85° C. 

42. (previously presented) The method of claim 38 wherein a pull-back device is used to 
position the optical fiber. 

43. The method of claim 42 wherein the pull-back device withdraws the optical fiber 
fi-om the targeted varicose vein at a rate of between about 0.1 mm/sec. and about 10.0 mm/sec. 

44. The method of claim 35 in which blood is removed from the varicose vein prior to 
treatment with the beam of light. 

45. The method of claim 35 wherein the beam of light has a power between about 1 to 
about 20 watts. 

46. The method of claim 45 wherein the beam of light has a power of about 5 watts. 



fiber. 
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Endovenous Laser Treatment of Saphenous 
Vein Reflux: Long-Term Results 

Robert J. \Cn, MD, Neil Khilnani, MD, and Steven E Zimxnet, MD 

PUKPOSE To report long-term foUow^up results of endovenous laser treatment for great saphenoos vein (GSV) reflux 
caused by saphenofemoral junction (SFJ) incompetence. ^ r sy^^ f reuiw 

mXipiAU ninety-nine GSVs in 423 subjects with varicQse veins were treated over 

penod witti 810-run diode laser energy delivered percutaneously into the GSV via a 600-fun fiber. Tumescent 
ttOO.200 mL of 0^% Udocaine) was delivered perivenously under ultrasound (US) guid^ce. Pati^Tts wS 

* "^"^^ "^^r^ ^"P^" ^ ^ 3 "^^'^^^ ^ 1 y«^' yeady thereafter to assess 

teeatomt efficacy and adverse reactions. Compression sclerotherapy was performed in nearly all patients at f oIIowmid 
tor treatment of associated tributary varicose veins and secondary telangiectasia. 

*^?5J?'I?;?"f occlusion of the GSV, defined as absence of flow on color Doppler imaging, was noted in 490 
of 499 GSVs (98.2%) after initial treatment One hundred thirteen of 121 limbs (93% foDo^^ ^2 y^ have 
remained dosed, with the treated portions of the GSVs not visible gn duplex imaging. Of note, all recurrences have 
ocomrcd before 9 months, with the majority noted before 3 months. Bruising was noted in 24% of patients and 
tightness along the course of the treated vein was present in 90% of limbs, there hwre been no skin bums, 
paresthesias, or cases of deep vein thrombosis- 

CONCLUSIONS: Long-term results available in 499 limbs treated with endovenous laser demonstrate a recurrence 
rate of less tiiaj 7% at 2-year follow-up. These results are comparable or superior to those reported for the other 
options avadable for treatment of GSV reflux, including surgery, US-guided sdexotherapy, and radiofrcquency 
21211^? ^^°°* appears to offer these benefits with lower rates of compUcation and avoidance of gener^ 
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Abbnrntions GSV « gxcat saphenous vein, BF « tadiofrecpuncy, SFJ « saphenofemozal jiandtfon 



LOWER-extnemity venoiis insuffi- 
ciency is a common medical condition 
afflicting 25% of women and 15% of 
men in die United States (1). Gender, 
pregnancy, hormones, aging, and 
gravitaticmal forces from prolonged 
standing or sitting are the most com- 
mon factors that iniluenbe the appear- 



ance or worsening of primary varicose 
veins (2,3). Although many people 
seek medical treatment for varicose 
veins because they find them un- 
sightly, most people with varicose 
veins do experience symptoms (4^, 
Unfortunately, symptofzns of primary 
venous insufficiency are otei iiot rec- 
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ognized by patients or their physi- 
cians. Characteristic leg complaints as- 
sociated with varicose veins include 
adung paiiv night cramps, fatigue, 
heaviness, or restlessness. Symptoms 
arise from pressure on somatic nerves 
by dilated veins and are typically 
worsened with prolonged standing, 
during the premenstrual period^ or in 
warm weather (6). Left untreated, 
nearly 50% of patientis with significant 
superficial venous insufficiency will 
eventually experience chronic venous 
insuffidency characterized by lower- 
extremity swelling, eczema, pigmenta- 
tion, hemorrhage, and ulceration (7). 

Great^phenous vein (GSV) reflux 
is ffie most common underlying cause 
of significant varicose veins. Tradi- 
tional treatment of GSV reflvoc has 
been surg;ical zemoval of die GSV. Al- 



991 



992 » Endovenons Laser Treatment of Saphenom Vein Reflux 



August 20CQ JVIR 



diough surgicBl Kgation and stripping 
of the GSV has been the most durable 
treatment it is associated with signif- 
icant perioperative morbidity. Less-in- 
vasive surgical treatments induding 
high ligation of the GSV at the saphe- 
nofemoral junction (SFJ) have been at^ 
tempted witfi the hope that gravita- 
tional reflux would be controUed 
while the vein is preserved for possi- 
ble use as a bypass graft Unfortu- 
nately, ligation of the GSV alone usu- 
ally results in recurrent varicose veins 
(8). Even when hig^ ligation has been 
combined with phlebectomy of vari- 
cose tribiitazies or retrograde sclero- 
therapy, recurrence has been the rule 
(9,10). Hierefore, when it is deter- 
mined that GSV reflux is the principal 
underlying problem, treatment should 
involve elimuiating this source of re- 
flux with ablation of any associated 
incompetent venous segments. 

In 1999, Bone (11) fiist reported on 
delivery of endoluminal laser energy. 
SiiKe then,- a method for treating the 
entire incompetent GSV segment has 
been de sc rib ed (12,13). Endovenous 
laser treatment, which received ap- 
proval from the US Food and l>rug 
Administration in January 2002, al- 
lows deliveiy of laser energy directly 
into the blood vessel lumen. Non- 
thrombotic vein occlusion is accom- 
plished by heating the vein wall with 
810-iun-wavelengtii laser energy de- 
livered via a GOO-jim. laser fiber 
(Diomed, Andover, MA). Sufficient 
heating of the vein wall is necessary to 
cause collagen contraction and denu- 
dation of endothelium. This stimulates 
vein wall thickening, eventual luminal 
contractian^ and fibrosis of the vein- 
The purpose of this study is to report 
on the long-term foUow-^p results of 
endovenous laser treatment for GSV 
reflux. 

MATERIALS AND METHODS 

ThSs prospective, nonrandomized, 
Gonsecutive-enrollinent study in- 
cluded 423 patients who underwent 
endovenous laser treatment of iiicom- 
petent GSV segments with 810-nm di- 
ode laser energy delivered intralumi- 
nally for treatment of primary varicose 
veins. The study jprotocol was ap- 
proved by the Weill Medical College 
of Cornell University Institutional Re- 
view Board. All patients gave written 
informed consent before treatment. 



Patient Selection 

Directed history and physical ex- 
amination, induding duplex ultra- 
soimd (US) evaluation of tiie superfi- 
cial venous system, was performed on 
limbs of subjects with varicose veiiis. 
Study inclusion criteria included vari- 
cose veins caused by SFJ incompetence 
with GSV reflux as demonstrated by 
duplex US imaging, age of at least 18 
years, and ability to return for sched- 
uled follow-up examinations for 12 
months after endovenous laser treat- 
ment Exclusion criteria included non - 
palpable pedal pulses; inability tixa m- 
bulate; deep vem thrombosis; general 
pbor n eaith; pregnancy, nursmgT^ r 
plang'fo t>ecome pregnan t during the 
tourse of pamapation m tne mvesto- 
gafion rgfld extremely t6rtU0ug"G5V s 
that wouid not allow fendoyenous 
catheterization and passage of the la - 
'ser fiber as identified on'pretreatme nt 
vgioHS-dupiS -jj^ mappin g. After ini- 
tial consultation and evaluatioh, sub- 
jects meeting the appropriate criteria 
were offered surgery versus en- 
dovenous laser treatment Nearly all 
subjects chose endovenous laser over 
surgical ligation and stripping. 

Rve hundred four incompetent 
GSVs were treated with endovenous 
laser over a 39-month period. Five 
limbs were lost to follow-up. The re- 
maining 499 limbs'in 423 patients com- 
prise the study population. This group 
consists of 352 women (83%) and 71 
men (17%) ranging in age from 23 to 
72 years, with a mean age of 42 years. 

Follow-up ranged from 1 znontii to 
39 months with a mean fbUow-up pe- 
riod of 17 months and an SD of 11 
months. Aching leg pain was the most 
common presenting symptom, found 
in 87% of limbs. Overall, slighdy more 
left legs (n = 263, 53%) were treated, 
and 76 patients (18%) were treated for 
bilateral GSV reflux. Pretreatment 
GSV diameter, measured in the up- 
right position approximately 2 an be- 
low ti^ SI?, ranged &t}m 4.4 mm to 29 
mm (mean, 11 mm; SD, 4.2 mm). 

None of the patients in tiiis series 
underwent concomitant ambulatory 
phlebectomy. All but seven patients 
underwent compression sderotiierapy 
treatment of distal varicose tributaries 
or associated telangiectasias at fbl- 
low-up visits. 



Description of Technique 

Duplex US was performed in the 
upright position to map incompetent 
sources of venous reflux and then to 
mark the skin overlying the incompe- 
tent portion of the GSV starting at the 
SFJ. After venous duplex mapping, a 
percutaneous entry point was chosen. 
This point may be where jeflux is no 
longg se gi or where the GSVlbeci55\g 
JpQ ^tajrfe access (usually just abov e 
CT^ below Jmee levelj^ ith use of local 
anesthesia and sonograpmc guidance, 
the GSV was punctilred. A 5-F intro- 
ducer sheath was placed into the GSV 
over a guide wire and advanced past 
the SFJ into the femoral vein. Intralu- 
minal position within the GSV was 
confinned by aspiration of nonpulsa- 
tfle venous blood and visualization 
with US. 

The sheath was flushed and a 
600-pm laser fiber (Diomed) was in- 
serted in the sheath and advanced up 
to the first site marK indicating that 
the distal tip of the laser fiber was 
flush with the end of tiie sheath. Ihe 
sheath was then withdrawn to the sec- 
ond site mark, exposing the distal 3 cm 
of tlie bare-tipped laser fiber. The 
sheath and fiber were pulled back to- 
gether and positioned at the SFJ under 
US guidance. Position was confirmed 
by direct visualization of the red aim- 
ing beam of the laser fiber through the 
skin. 

Tumescent local anesthesia consist- 
ing of 100-200 mL of 0.2% Hdocaine 
neutralized with sodium bicarbonate, 
was administered along the perive- 
noxis space with use of US guidance. 
In adc^tion to the anesthetic effects, 
properly delivered, tiiis fluid serves 
two important functions: (1) it com- 
presses and reduces the diameteiL of 
evgn the largest veins to prov ide vein 
wall apposition around the fiber t^ 
with subsequent circumferential heat- 
ing of tiie vein wall and (2) it provides 
a *liea t sink*' to minimize the possibi l- 
gy of fieS ^g ated damage to^ jRrpnt 
tissues, figure la demonstrates ^ 
typical transverse sonographic ap- 
pearance of the laser fiber and catheter 
seen centrally within an enlarged GSV 
located in the saphenous space. Proper 
znd adequate delivery of tumescent 
anesthesia should result in fluid stir* 
rounding a compressed GSV as shown 
in Figure lb. 

Ihe tip of the laser fiber was repo- 
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Rgnrel- I>q>lexlJS(bramsvetse viewjdemonst^^ 

afber proper delivery of tumescent anesthesia, (a) Intzalmninalpositian of laser fiber and 
catheter within an enlarged GSV; (b) tumescent anesthesia delivexed by ediogenic needle 
tip ac^acent to laser fiber and catheter with fluid surrounding the cDn^z^sed GSV. 



sitioned wiflun the GSV 5-10 mm dis- 
tal to the SFJ. Tip position was checked 
by US and direct visualization of the 
red aiming beam through the skin. La- 
ser energy (810-nm diode laser; 
Diomed) was delivere d at 14 W in con- 
^uous mqde. T he vein was treated 
from &-lO mm below the SFf to ap- 
proximately 1 cm above the sldn entry 
site. Lengtfi of GSV treated with en- 
dovenous laser ranged from 10 on to 
55 cm (mean, 35 cm; SD, 10 cm). The 
laser fiber was withdrawn at an aver- 
age rate o f3 mm per second (18 cm p er 
minute). Of patients treated with l^W 
cxmtinuous mode (n — 276, or 55% of 
Hmbs)/ delivery of laser energy ranged 
from 25 seconds (at 358 J) to 187 sec- 
onds (at 2^15 J), with a mean of 123 
seconds (SD, 47 sec) or 1,727 J (SD, 650 
J). 

A class n (30-40 mm Hg) full-thigh 
graduated siq7port stocking or panty 
hose was wom for at least 1 week at all 
times except to sleep or to shower. 
Patients were instructed to ambulate 
and resume their normal daily activi- 
ties immediately. Clinical and dvqplex 
US fbllow-up was obtained at 1 week, 
1/ 3, 6, 9, and 12 months, and then 
yearly. 

Compression sderotiierapy treat- 



ment of distal varicose tributaries was 
performed witii use of sodium tetra- 
decyi sulfate (0.3%-!% concentration). 
A detailed description of sderotiier- 
apy technique is beyond the scope of 
this article but the approach used was 
tihe 'Trench sdiOQl" originally advo- 
cated by Toumay and" more recently 
popularized in the United States by 
Gcddman and other phlebologists (14). 
Tliis technique relies on starting horn 
the highest points of reflux and pro- 
ceeding downward, and treating veins 
ficom flie laz^gest to the smallest Com- 
pression stoddngs or panty hose were 
worn for at least 1 week after sclero- 
therapy treatments except to sleep or 
shower. Sclerotherapy treatments 
were performed at 4-week intervals, 
starting 1 month after endovenous la- 
ser ablation of the GSV. 

Stady Endpoinfs and Definitions 

Duplex US criteria for successful 
treatment were the following: at 
1-week follow-up, an enlarged non- 
compressible GSV, minimally de- 
creased in diameter, with echogenic 
thickened vein walls, and no flow seen 
within the ocduded vein lumen on 
' color Doppler intexrogation; at 3- and 



6-month foDow-up, an occluded GSV 
with substantial (>50%) reduction in 
diameter, and at 1 year and beyond, 
complete disappearance of the GSV or 
minimal residual fibrous cord with no 
flow detectable It is important to note 
that the expected appearance 1-2 
weeks after endovenous laser is a 
sli^tly smaller GSV demonstrating 
wall tfdckeiung with absence of flow 
within the treated vein segment The 
vein lumen is usually obliterated by 
^ thickened wall, which has low- 
level echoes and is incompressible. 
This wall thickening should be differ- 
entiated from acute GSV thrombosis 
wherein the vein is also incompress- 
ible but the lumen is filled with ane- 
choic acute thrombus. Several weeks 
after successful endovenous laser 
treatment, resolution of the acute in- 
flammation in the vein wall should 
result in reduction in vein diameter. 
After several months, most of the 
treated vein segments will fibrose and 
be difficult to identify. Alternatively, 
superficial thrombophlebitis with GSV 
tluiombus would r^ult in recanaliza- 
tion of tiie vein. A longitudinal view of 
an enlarged, incompetent GSV is seen 
in Figure 2a. Hguze 2b demonstrates 
tiie typical color Doppler appearance 
of a successfully treated GSV 1 year 
after endovenous laser treatment 

Clinical evaluation was performed 
on all subjects at 1 week, 1,3, 6, 9, and 
12 months, and yeariy thereafter by 
tfie same physician (RM.) who per- 
formed all the endovenous laser pro- 
cedures. Patients were queried about 
symptomatic relief at foUow-i^ visits, 
particularly improvement or resolu- 
tion of lower-extremity pain believed 
to be associated wi^ venous insuffi- 
ciency. Improvement in the appear- 
aiKe of the leg, including reduction in 
visible varicosities, swelling, pigmen- 
tation, or other skin changes second- 
ary to chronic venous insufficiency, 
were assessed by the patient and widi 
direct comparison with pretreatment 
photographs obtained from all sub- 
jects undergoing treatment Patients 
were evaluated for possible adverse 
reactions caused by endovenous laser 
treatment at each follow-up visit Mi- 
nor complications were defined as 
those that had no significant dinical 
sequelae, such a s bruising . Major com- 
plicatzons were defined as those neces- 
sitating an increased level of care, sur- 




DoTOler examinations OangitiidinaJ views) of the GSV at the SFT 
toanstatag sutffislul ocriuaan after endovenous laser treatxnent (a) PretreataiEnt 
evaluatioii demonstates an enlarged GSV with reflux after distal calf compression; Cb) 



geiy^ hospitalization, or -permanent 
adverse sequelae. 

RESULTS 

FoUow-up results ranging from 1 
month to 39 months (mean, 17 
months; SD, 11 months) were obtained 
in 499 of the 504 limbs treated with 
cjidovenous laser during the study pe- 
riod. Successful endovenous laser 
treatment, as defined earlier, was seen 
in 490 of 499 limbs (98%) at l-month 
fbUow-up. Egjht of nine GSVs requir- 
ing repeat endovenous laser were suc- 
cessfully closed with a second enr 
, dovenous laser treatment Continued 
closure of the treated GSV segments 
was noted at longitudinal follow-up at 
the following rates: 444 of 447 (993%) 
at 3 months, 390 of 396 (983%) at 6 
months, 351 of 359 (97.8%) at 9 
months, 310 of 318 (973%) at 1 year, 
and 113 of 121 (93.4%) at 2 years. Forty 
subjects have been followed for 3 
yeais and no new recurrences were 
seen at 2 or 3 years that were not 
present at 1-year follow-^. In fact all 
recmrences were noted before 9 
mondis, with the majority seen by 3 
months. This may indicate that these 
were not true lecuirences but rather 
inadequate initial treatments. 

Clinical examination correlated 
well with duplex US findings. AU pa- 
tierits showed improvement in the ap- 
pearance of the limb with disappear- 
ance or reduction in the size and 
number of visible varicosities. The 
typical appearance of varicose veins 
caused by incompetence of the SFJ 
with GSV reflux is shown in Kgtffc 3a. 



One month after endovenous laser 
treatment, relief of symptCMzts and sig- 
nificant improvemient in the appear- 
ance of the varicose veixis was noted 
(Fig 3b). By 6 months after initial 
treatment, pain was greatly" im- 
proved or resolved in all treated 
limbs. Although symptomatic reso- 
lution and significant improvement 
in the appearance of the leg is usu- 
ally noted after endovenous laser 
treatment alone, most patients will 
need additional' complementary pix5- 
cediues (ie, sclerotherapy or phle- 
bectomy) to fully realize the restor- 
ative benefits of treatment 

Bruising outside the puncture site 
was noted in 24% of lim bs at 1-week 
fbUow-up . ^rmsmg reived in aU 
subjects before 1-month follow-up. 
Ninety percent of subjects felt a de- 
layed tightness peaking 4-7 days after 
laser treatment and lading 3-10 days. 
This sensation, described as "pulling* 
along the course of the treated GSV, 
was not felt in the nine patients in 
whom initial treatment failed. Five 
percent of patients developed superfi- 
cial phlebitis of varicose tributar ies af- 
ter endovenous las er oodusiofTorOTe. 
GSV. Most cases required no treat- 
ment Symptomatic patients were 
fieated with graduated compression 
stockings and pver-the-coimter aiitiin- 
fiammatory agents. All mmor compli- 
cations listed earlier resolved without 
sequelae. There have been no skin 
bums, paresthesias, cases of deep vein 
thrombosis, or other minor or oiajor 
.complicatians. The procedure was 



wen-tolerated by all subjects with 
strictly local anesthesia. 

Overall treatment satisfaction was 
determined by asking subjects if they 
would recommend the procedure to a 
friend witfi similar leg vein problems, 
and 422 of 423 subjects (99.8%) indi- 
cated they would recommend the 
procedure. 

DISCUSSION 

Percutaneous mediods for treating 
incompetent GSVs are not new. Du- 
plex-^ded sderotheiapy for treat- 
ment of GSV reflux has been at- 
tempted, but long-term studies have 
failed to prove durability comparable 
to surgery (15-19). Initial attempts at 
damaging vein walls by e]ectxx)coagu- 
lation involved creation of a thrombus 
within the vessel lumen, ultimately re- 
sxilting in recanalization (20-22). Early 
methods of intraluminal delivery of 
high-frequency alternating-current ra- 
diofrequency (RF) energy to treat GSV 
reflux were complicated by skin 
bums, saphenous nerve and peroneal 
nerve injury, phlebitis, and wound in- 
fection ^). 

A more modem technique of the 
use of RF energy to eliminate saphe- 
nous vein reflux has been developed 
by VNU5 Medical Technologies 
(Sunnyvale, CA). Eariy resuhs re- 
ported ham a multicenter trial dem- 
onstrated a reasonable degree of suc- 
cess with an overall failure rate of 10% 
at a mean fblIow-«p of 4.7 months 
(13% in j«tients treated with RF alone 
aiui 5% in patients treated with RF 
plus high ligation of tite GSV). Com- 
plications included transient paresthe- 
sias (thigh, 9%; leg, 51%), skin bums 
(3%), deep venous thrombosis (3%), 
and one pulmonary embolus (24). 
More recent studies have demon- 
strated success rates of 73%-90% with 
follow-up to 24 months in 21 limbs 
(25-27). 

One of the limitations of our study 
is that it does not pn>vide a blinded, 
randomized comparison of tiie vari- 
oxis modem percutaneous methods 
available for treatment of GSV refhix, 
including RF and wavelengths of laser 
energy other than 810 nm. However, 
review of the Kterature allows some 
comparisons and raises some interest- 
ing areas for future study. 

RF cunrent damages tissue by resis- 
tive heating of structures in direct con- 
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Hgure 3. Sgnifirant improvement in appearance of vaiicose tributaries after en- 
dovenous laser treatment of an moompetent left GSV. (a) lypkal appearance of vanoose 
veins caused by GSV xefiiux; (b) the same leg 1 month after endovenous User tzeatment 



tact ^vith tihe electrodes. Deeper tissue 
plaiies are heated by conduction into 
nonnothennic tissue. Because the po-' 
tentiai for heating of adjacent perive- 
nous tissue is hig^ safe treatment 
with RF depends on proper delivery of 
adequate tumescent anesthesia. BHec- 
tive use of tumescent anesthesia ap- 
pears to have reduced the incidence of 
heat-related complications. In expert 
hands, the mddence of pazesih^ias 
after RF has occurred in as few as 85% 
of Hmbs widun 1 week of tzeatment 
and decreased to 07% at 6 months 
(27). However, with less-experienced 
physicians, RF still has been compli- 
cated with heat^-related adverse effects 
such as paresthesias (10% at 6 mon^) 
and skin bums (33%) (25). 

Published experience with en- 
dovenous laser with use of wave- 
lengths other ^lan SlOnm is Hmih^H a 
recent study by Chang and Chua (28) 
reported the use of 1,064-nm laser en- 
ergy delivered endovenously for treat- 
ment of GSV xeflux. Althoi^ this 
study reported a success rate 96^% 



in 244 legs followed up to 28 months, 
significant complications were noted, 
including paresthesias (36^o) and 
skin bums ^4.8%). In addition to en- 
dovenous laser ablation, all patients in 
their study underwent surgical liga- 
tion and envision of the proximal ^id 
distal ends of the treated GSV. In ad- 
ditiorv patients treated with the 
l,064rflm wavelength underwent spi- 
nal or general anesthesia rather than 
stiicdy local tumescent anesthesia (28). 

In compazison, in our series of more* 
than 500 limbs treated wiBi 810-mn 
diode laser energy delivered en- 
dovenously, there have been no heat- 
related complications despite the high 
temperatures attained at the laser fiber 
tip. This may be explained by the fol- 
lowing: (1) improved delivery and use 
of suffident amounts of tumescent 
fiuid in the proper tissue plane pro- 
viding a protective thermal 'sink;'' (2) 
selective, homogeneous, and circum- 
ferential heating of the inner vein wall 

I by absorption of 81(Hun laser energy 
by blood lining the vein wall, as noted 



in a recent study by Proebstie et al 
(29), rather than deeper penetration of 
laser energy and less-homogeneous 
heating from endovenous laser per- 
formed with wavelengths such as 
l/)64 nm, which are absorbed less by 
blood and more by water; and (3) 
faster rates of withdrawal and shal- 
lower depth of penetration of 810-nm 
laser energy, resulting in less damage 
to surroimding nontazget tissue com- 
pared with methods tifmt tise RF. 
^ It has been suggested that a rai>- 
domized cantrolled trial comparing 
oufccoznes of endovenous laser abla- 
tion of the saphenous vein to surgical 
ligation and stripping should be per- 
formed; however, such a study would 
be difficult given patients^ over- 
whelming desire for minimally inva- 
sive treatments rather than surgery. 
Review of the existing surgical litera- 
ture does provide some insight in as- 
sessing treatment durability. Multiple 
studies have shown that recurrence of 
vazicose veins after GSV stzipping oc- 
aizs early (30), with 73% of limbs des- 
tined lor recurrent varicosities at 5 
years already having them at 1 year 
(31,3!2). Oxir results with endovenous 
laser have supported this, demonstrat- 
ing that what is found on duplex im- 
aging early is predictive of what wiQ 
be seen later, with none of the treated 
patients developing recanalization of 
successfully occluded GSVs at 2 or 3 
years that was not seen before 9 
months. 

Performing endovertous ablation of 
the GSV without dissection of Ae SF} 
violates a cardinal rule in saphenous 
vein surgery that each of the tributai^ 
ies must be individually divided. Sui^ 
prisingly, the combined experiences 
with transcatiieter endovenous abla- 
tion procedures have shown lower re- 
currence rates than with surgical liga- 
tion and sLxippmg. Pezhaps minimizing 
dissection in tiie groin zmd preserving 
venous drainage in normal, c om p etent 
tributaries while removing only the 
abnormal refluxing segments does not 
indte neovascularization. 

The understanding of venoias disor- 
ders continues to improve with tre- 
mendous strides being made over the 
past decade. Readily available nonin- 
vasive diagnostic tests allow physi- 
cians to precisely inap out abnormal 
venous pathways and identify sources 
of incompetence. Modem percutaneous 
methods of sealing incompetmt veins 
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provide patients with alternatives to li- 
gation and stripping for treatment of 
GSViefhix without the familiar morbid- 
ities assodated with surgery (33^). 
Given these recent advances, many phy- 
sicians, "s^^ien properiy tcaiiied, w31now 
be able to successfully diagnose and 
treat the whole spectrum of supezfidal 
venous insufficiency, offiezing acc^>t- 
able options to the znilHons of people in 
the United States alone who have vari- 
cose veins but are imwiDing or unable to 
undeigo surgeiy* 
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Hie lugtily unique light of a 940 nm 
wavelength ensures precise fai^eting of 
vessels because of fts: 
o Deep penetranon 

o !)^^ii;r-fc! flssorp!i.j!! characternstics io: 
i^en-ogic&.n ox .rsore insr an 31 j or :0c4 
IT. bser- 

• Cpumai absorption characteristics for water 
1 lOx more than an 810 nm laser, ana 3x 
more ttwr. a 1064 nm laser) 

0 Mmimal metanin absorption when compared 
u> other lasers {3x less than an 810 nm 
laser, which enables ireatment of darker 

sxin-types) 

These absorption cnaractsnstics result in a safer 
and more effective treatment for both ^er and 

varicose vems 



Donner 0940 Diode Laser System 



Oornier sp^Ttcaily chose :nc &iO nm wavelengn to 
cesign the DS4u dtoae laser system for ihe treaimeni 
of superftdal veins, as weU as saphenous vein 
insirffidency. 

Tne E5omi6r D940 is Ihe first and only laser to emit 
light at 340 nm and is engineered with the newest 
PowerSar' technology to provide high peak powers 
from a smafi package. 

W©ghlng only 55 pounds, the Domier OS40 is 
(ightweighi end easily transportable, with a retractable 
handle and buftt-m wheei^. Plugs into any i lO^olt 
outset and Is baticed by Oonruer's natiorHMde service 
oiganiz^on. 
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980nm Diode Laser Series 



biolitec'5 9ii0nrnv,Oicc5' Laser Series^ including cue 
Ceraias o and ^5Mife?iG_9S.Q are ideal for 

soft-tissue applications m medicaL denial, and 
veterinary environ mencs. 

j With unsurpassed, optimal absorption in water end 
j hemogiobtn, the 980 nm laser series allow controlled 
! tissue ablation and provide a bloodless field for most 
I surgical procedures. Unlike other medical lasers, 
biolitec's 980nm lasers cue and coagulate optically 
— with negligible collateral tissue damage, charring, 
and recession. Many procedures using the 980nm lasers are pam-free, minimizing 
or even eiiminacing the need for anesthesia; These state-of-the-art 980nm lasers 
are compact and portable at IS pounds and recuire no speaa) cooling or 
maintenance. 




O inensiioRal Ve^oisX ^^^^ information about the SmiiePro gSQ for Dentistry. 

'0 (I(*rani „ j>toc \ More mfbrmation about the Ceraias D for medical aopHcatsons. 

^ feLVeS"" - Endo Laser Vein System 

ELVeS IS a revolutionary new minimally-invasive laser treatment for superficial 
reflux of the greater saphenous vein - which may lead to varicose veins. 
Progressing the capabilities of vein treatments, ELVeS talces about 45 minutes 
and only local anesthesia is used - aUowng patients to walk home after 
treatment' With virtually in^nt relief from venous reflux, patients can return to 
Chen noitndl rifestyfe and actiWpes tmmeo'tate>y fbtowing treatment. 
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OUier laser Wavelengtits 

Ctter {users' w3/5ien5ths are eitnor aoscrcea too much or too tirtie in water 
anc / "if h^rrogiobm anc arc* coosequontiy h.riitec in ss-</er3l ways. / 

The 8X0 nm lasers* energy is eight times tess absorbed in water than the 980 nm 
wavelength. Therefore, 810 nm lasers' fibers require 'conditioning' because their 
wavelengths can not properly ablate tissue. The conditioned tip of these lasers* 
fibers needs to heat up in order to work. In addition, light energy from these 
lasers is absorbed in their fibers' tips - not in water, hemoglobin^ or tissue. The 
laser fight never reaches the patient - onty the heat via a 'hot tip.' 

Conductive heat is the only means of cutting and csoagutating with lasers that 
require conditioned tips - which can damage ooilateral tissue and cause swelling, 
excessive necrosis, and patient disconrifort 

The 980 nm Wavelength 

A major benefit of the Ceralas D 980 nm Laser's unique vgaveieogth Is the ability 
to operate optically - not via a 'hot tip.' Because hefnogJotm anc -.varer eosoro 

:.*ie 98G r.rr, waveiengih 2» ar, 
opiimai rate« ih<; fioer ups of 
^e Ceraias 0 laser do not 
require conditioning. 

Because the Cerstas D exhibits 
supenor control and minimizes 
collateral tissue damage, it ts 
one of the most valuable and 
versattie lasers available today. 
"Although the 810 nm diode 
laser has been used for 
endo venous treatment^ I feel it 
is not the best wavelength, as it 
does not absorb well m water." 
says John Mauriello. MD, a 
phlebologist in private group 
practfce with offices in Charfottd 
and Durham, North Carolina. 
The 940 nm diode laser is better than the 810 nm because it is on the up-slope 
of the water abson^pn curve. But my meaich convinces mc that 980 nm 

the perliect wavelength because it b right on the peak of the water 
absofptioti curve." 

^.dyant^ges of blolitec' s Enoo Laser vein Svscem roriaoctors 
Kor* inrormation f ar tjent s 



Attend a King-Sfze ELVeS Seminar; 
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The Importance of a Laser's Wavelength: 
Advantages of 980 nm 

A laser's wavelength detennines many of its pivperties and ce)>abtlitie5. As a 
result of biolitec's extensive research in photobieiogy and laser phystcs, we have 
developed a senes of 980 nm lasers that exhibit unparalleled lasing effects. 

Since soft tissue contains a high percentage of water and nemcglooin/ a laser's 
light energy must be wefl absofljed tn both to cut and ccag jiate ootimally ; 
Considering the absorption characteristics of water and hemoglobin together. 58;; 
r.rn is tr.e iceal wavelength for sort tissue apptrcaaons • inducing rhe ELVes ^ 
Treatment for superficial re n-jx of tne GSv, ivnich often leads to varicose veins ~^ 
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SmilePro 980 Technical Specifications 



Laser Type 


Integrated GaAlAs semiconductor laser 




arrays 


Wavelenqth 


980 nm 


Output power 


15 Watts 


Power Renoe 


I - IS W 


Output power increments 


1 watt 


Operfitin? modes 


Continuous or Pulsed 


Pulse duration in On or Off modes 


0.01 to 99.9 seconds 


Aiming beam 


Visible semiconductor (635 nm, red) < 




mW 


CootinQ 


Air cooled 




}S lbs 


Dimensions 


T' X 9" X 14' (h )i w X d) 


Power requtremenz 


110/^0 V 


Ceralas D Technical Specifications 


Laser Type 


Integrated GaAlAs semiconductor laser 




arrays 






Output oower 


y5^VVf25'W. SOW 


Power ftance 


1 - 15 W, 1 - 25 W. 1 - SO W 


Output pcwer increments 


1 Watt 


Operating modes 


Continuous or Pulsea 


Pulse duration m On or Off modes 


0.0 1 to 99.9 seconds 


Aiming beam 


Visible semiconductor (635 nm, red) < 




mVJ 


CooJine 


Air cooled 


we«iht 


14 tbS (15 W, 25 W); 19 IDS (50 W> 


Dimensions 


7* X 9' X 14- (15 \N, 25 W); 7' x 15' x 




16" (SOW) 


power requirement 


110 / 220 V 



Fbr more information, contact your local sales representative or send an email to 
us at infoiSbiolirfeg.cQm . 
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Thermal Damage of the Inner Vein Wall During 
Endovenous Laser Treatment: Key Role of Energy 
Absorption by Intravascular Blood 

T. M. Proebstle, MD, MSc,* M. Sandhofer, MD,t A. Kargl, MD,* D. GOl, MD,* 
W. RoTHER, PhD,* J. Knop, MD, PhD,* and H. A. Lehr, MD, PhD$ 

^Department of Dermatology and institute of Pathology, University of Mainz, Germany, ^Clinic for Dermatologic 
Surgery, Linz, Austria, and ^Domier MedTech Laser GmbH, Wessling^ Germany 



BACKGROUND. Despite die dioical efficacy of endovenoxis laser 
ne'atment (EVLT), its mode of action is incompletely under- 
stood. 

OBJECTIVE. Tp evaluate the role of intravascular blood for the 
effective transfer of thermal damage to the vein wail through 
absoiption of laser energy.' 

METHODS. Laser energy (15 J/pulse, ^0 nm) wajs endovenously 
administered to cxplanied greater saphenous vein (GSV) seg- 
ments filled with blood [n = 5] or normal saline (n =: 5) in addi- 
don to GSVs under in vivo condidons immediately prior to 
stripping. Histopathology was performed on serial sections to 
examine specific patterns of damage. Fnrthcnnore, in vitto gen- 



eratioq of jteam bubbles by different diode lasers (810» 94b, 
and 980 nm) was examined in saline, plasma, and hemolytic 
blood. 

RESULTS. In salme-iilled veins, EVLT-iijdiiccd vessel wall injury 
was confined to the site of direa laser impact. In contrast, blood- 
filled veins exhibited diermal damage in more remote areas in- 
diiding the vein wall opposite to the laser impact. Steam bubbles 
were generated in hemolytic blood by all three lasers, while no 
bubbles could be product in normal saline or plasma. _ 

E^^CLUSION. Intravascular blood plays a key role for homoge- 
>usiy disiiibuted thermal damage of the inner vein wall dur- 
EVLT. 



W. K077/ER. PHD WAS AN^EMPLOYEE OF DOKNTER MEDTECH LASER GMBH. THE STUDY WAS SUPPORTED BY DORNJER MEDTECH LASER, 
WESSUNC, GERMANY, AND BIOLTTtQ}ENA,.CERMANY'T'M PROEBSTLE, MD, MSQ M, SANDHOFER, MD, A. KARGL, MD, D. GVL, MD,}, KflOP, 
MD, PHD, AND H. A. LEHR, MD, PHD HAVE niDJCATED NO SIGNIFJCANT INTEREST WITH COMMERCIAL SUPPORTERS. 



RECENTLY, AdINIMALLY invasive techniques have 
been clinically introduced for the effective treatment 
of varicose veins. In particular, VNUS closure^ and en- 
dovenous laser treatment (EVLT)^^ have beeq sbovm 
to abolish reflux in the incompetent greater saphenous 
vein (GSV). Short-term efficacy has been reported as 
greater than 90%^*^ and 95%,^^ respectively, compar- 
mg well with the results of classic suxgery including 
high ligation and stripping of the GSV.^ Hov^ever, 
while the mode of action of VNUS closure has been 
studied in detail, the mechanisntis of EVLT action are 
still not completely understood. It has been shown 
that EVLT, unlike VNUS, does not lead to occlusion 
of the vein by significant shrinkage of the vessel wall,^ 
but instead causes a thrombotic occlusion of the laser- 
treated vein,^ 



Address correspondence and reprint requests to: Thoioas Pxoebsde, MD, 
MSc, Department of Dermatology, University of Mainz, Langenbeckstr. 
1, 55131 Mainz, Germany, or t-mail: Thomas.Procbsde@i-online.de. 



Histopathologic examination of laser-treated veins 
revealed perforation of die vein wall at the site of di- 
rea laser impact and thermal damage of adjacent vein 
waU areas.-^'^ For the latter effect, laser-induced steam 
bubble formation has been postulated as the responsi- 
ble mechanism,^ implicating a putative role for intra- 
vascular blood serving as a chromophore absorbing 
the laser energy. In order, to further clarify the role of 
intravascular blood during EVLT, we performed com- 
parative in vitro and in vivo experiments in the pres- 
ence or absence of intravascular blood. 



Patients and Methods 

Administration of Laser Energy to GSV Samples 

EVLT was applied as previously described in detail.^ In 
brief, a 600 pjn bare fiber widi an outer diameter of 1.00 
mm was connected to a 940 nm diode laser. Under in vivo 
conditions (sec Patients), the fiber was inserted below the 
knee into the surgically exposed GSV. The fiber was ad- 
vanced proximally to the point of high ligation of the GSV 
and suteequendy withdrav^ in steps of about 3-5 mm while 
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laser energy was applied.^ Identical laser parameters were 
chosen for the in vitro experiments with GSVs (sec below). 

In Vitro Experiments With GSVs 

After classic varicose vein surgery of the GSV under tumes- 
cent local -anesthesia,^*' the stripped vein segment was trans- 
ferred to a saline bath at room temperature. The veins were 
cut into pieces 10 cm in length, and each piece was ligated at 
the proximal end before the laser fiber was inserted from the 
distal end. The vein was then filled either with heparinized - 
blood (500 lU heparin/20 ml of blood) or with normal sa- 
line. After the distal end was ligated tightly around the laser 
fiber, single laser pulses of 15 J (15 W, 1 second) were deliv- 
ered every 3-5 mm during stepwise withdrawal o£ the fiber, 
tip. During the entire procedure the vein was bathed .coxd^ 
pletely in normal saline solution. A total of 10 specimens, 5 
filled with blood and 5 filled with normal saline during 
treatment, were subsequently fixed in formaldehyde, em- 
bedded in 1 mm rings in paraffin blocks, and studied histo- 
logicaUy in routine hematoxylin and eosin stains on serial 5 
|im sections. Each section was evaluated with rcspea- to. 
signs of thermal damage at the site of direa laser impact, at 
the adjacent area, and at more distant sites. Particular atten- 
tion was given to the vein wall opposing, the site of direa la- 
ser impacL* 

Fatients 

Two patients scheduled for classic varicose vein surgery un- 
der tumescent local anesthesia^ consented to undergo exper- 
imental EVLT in the interval between high ligation and 
stripping of tbe GSV. One patient received EVLT with a 
blood-filled GSV. In the second patient, conditions were 
identical, apart fiom the faa that blood was washed out o{ 
the GSV and replaced by normal saline prior to EVLT. 
Complete replacement of blood by saline solution was con- 
firmed visually by a flexible vascular fiberscope. The time 
interval between EVLT and invaginated stripping .vsras 15 
minutes. The vein was then cut into 2 cm sections, fixed in 
formaldehyde, and embedded in paraffin blodcs for later 
histologic examination. 

Laser-Generated Steam Bubbles in Normal Saline, 
Plasma, or Hemolytic Blood 

An in vitro setup to measure laser-generated steam bubble 
sizes was used as previously described.^ Diode lasers vidth 
810 mn, 940 nm, and 980 nm were used with appropriate 
600 \un fibers as provided by die manufacturers. Before 
starting the comparative experiments, the energy output of 
each device was calibrated at the fiber tip vvdth a power 
meter. Before each experiment, the fiber tips were freshly 
cut to avoid secondary carbonization effects. Each laser 
wavelength was tested in tubes filled v^th normal saline, hu- 
man plasma, and heroolync blood by administration of 
pulses between 3 and 16 J. Plasma was obtained by centrifu- 



gation of heparinized blood for 20 minutes at 2000 g. 
Hemolytic blood was produced by replacing the removed 
plasma with equal volumes of distilled water. 



Results 

EVLT was performed under in vitro conditions on 
GSV segments either filled with blood (n = 5) or filled 
with, normal saline (n = 5). In addition, EVLT was 
performed in vivo after high ligation but before strip- 
ping of the GSV, in a vessel filled with either blood or 
normal saline. The generation of steam bubbles in 
normal saline, plasma, -and hemolytic blood was ex- 
amined for laser wavelengths of 810, 940, and 980 
nm under in vitro conditions. 

Pathologic Examination of GSV Segments Receiving In 
Vitro EVLT 

A minimum of 20 hematoxylin and eosin-stained se- 
rial sections-of each vein segment were examined mi- 
croscopically. Detectable changes of the vein wall, at- 
tributable to endovenous laser action, were highly 
reproducible. Fig;ure 1 displays representative cross 
sections of laser-treated GSV segments. In saline-filled 
veins, vein wall damage was exclusively confined to 
the site of direct laser impact (Figure IB), while adja- 
cent regions (Figure lA) and, in particular, the oppo- 
site side of the vein wall (Figure IC) show virtually no 
signs of tissue damage. In contrast, pronounced ther- 
mal damage was detectable along the entire vein wall 
in blood-fflled veins (Figure 1D,E), even at the vein 
wall opposite the laser impact (Figure IF). 

Pathologic Examination of EVLT Effects on Surgically 
Removed Veirts 

The histopathologic examination of veins stripped af- 
ter EVLT under in vivo conditions -showed a similar 
pattern of thermal damage as the Veins treated under 
in vitro conditions described above. Figure 2 displays 
representative sections of laser-generated complete 
perforations of the vein wall produced from the saline- 
filled (Figure 2A,B) or blood-filled (Figure 2D,E) vein. 
Again, the immediate site of laser impact exhibited a 
comparable extent of coagulative necrosis, regardless 
of whether the vein contained saline (Figure 2A) or 
blood (Figure 2D). However, even the immediately 
adjacent inner vein wall showed discina differences in 
the extent of thermal damage (Figure 2A,B,D,E), with 
severe injury in the blood-filled vein and a virtually 
normal situation in the saline-filled vein. Also, the vein 
wall located at the opposite site of the laser impact 
showed heat damage in the blood-filled vein (Figure 
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Figure 1» Representative hematoxylin and eosin seaions of GSV 
segments after in vitro EVLT of Ar-Q saline filled veins or D-F) 
veins filled with heparinized blood Under both conditions, direct 
laser impact causes perforation (A,B) or pronounced tissue abla- 
tion with focal coagulation necrosis at the immediate 5ite of im- . 
pact (D,E). In contrast to the saline-filled vein (A,b),-the blood- 
filled vein exhibits more intensive and more remote injury to the 
adjacent vein wall areas (D.E). Ukewise, superficial coagulative in- 
jury to endotheliun^ intima. and inner media are seen in vein wall 
areas on the opposite side of the laser impaa in blood-filfed veins 
(F). but arc virtually absent in saline-filled veins (Q. At most, slight 
tissue edema may be seen (Q. Original magnification 55x (A.D) 
andl40X (B,QE,F). 

2F), while in the saline-filled vein, only minimal laser- 
induced thennal damage was observed (Figure 2C). - 

Laser-Induced Steam Bubbles in Normal Saline, Plasma, 
and Hemolytic Blood 

For laser wavelengths of 810, 940, and 980 nm, steam 
bubble volumes were plotted against the administered 
pulse energy (Figure 3). If the tube was filled with nor- 
mal saline or plasma, no wavelength was able to pro- 
duce detectable steam bubbles with puke energies up 
to 16 J (data not shown). Li contrast, in tubes filled 
with hemolytic blood, steam bubble sizes showed an 




Figure 2. Histopathologic results of in vivo EVLT obulned from 
A-q saline-filled or D-F) blood-filled veins. Arrangement of the 
panels as well as histomorphologic changes are identical to those 
. desaibed in Figure 1 and in the R^ults section of the manuscript. 



ahnost linear proportionality with the administered la- 
.ser energy. Note that no major difference could be de- 
tected between the three laser wavelengths. This indi- 
cates that the absorption of all three lasers by 
hemolytic blood is strong enough to transfer the en- 
ergy completely into heat. 

However, we found that this was true only if firesh- 
cut fiber rips were used for each experiment. Other- 
wise carbonizarion of the fiber tip led to extremely 
high rip temperatures, causing additional generation 
of energy through combustion of organic compounds 
of the hemolytic blood (data not shown). 

Discussion 

Despite growing acceptance and a rapid clinical intro- 
duction of EVLT, the underlying mechanism of action 
of this novel technique is still not fully understood. In 
a recent report of Weiss« it was demonstrated in ele- 
gant animal studies that endovenous radiofrequency 



Dermatol Surg 28:7 July 2002 



PROEBSi ET AU: ROLE OF BLOOD IN EVLT 599 



E 

V 

E 

3 

O 
> 

iB 
n 

3 

E 

CO 

o 



200-1 



150 



loo- 



se 



•810nm 
-940nm 
-980nm 



0.2 4 6 8 10 12 14 16 18 20 
laser pulse energy [Joule] 

Figure 3. Laser-induced steam bubble volume in hemolytic blood 
plotted against delivered pulse energy for vjfavelengths of 810 nm 
(rhomboid). 940 nm (square), and 9B0 nm (triangle).' No steam 
bubbles were produced with any of the experimental conditions 
in normal saline or plasma (data not displayed). 



occlusion and EVLT* have completely different modes 
of action. EVLT almost complpfp ly lacks the shrinkag e 
effect of the vessels caused by^pr oJonRed exposure to 
mod erate heat (85°C) in radiofreq uency occlusion. In- 
y^^TEyiT causes perfo ra t ion of the vein wall at the 
s itti of di rea laser impact,^'^ as a morphologi'cco' rrelat e 
Jorthe conseaitij^ obse 

In a previous report,-^ we proposed "ffiat laser-gener- 
ated steam bubbles transfer a substantial amount of 
thermal damage to the vein wall during EVLT, These 
steam bubbles are created because of the high absorp- 
tion of 940 nm laser energy in blood, with a technical 
penetration of only 0.3 mm. In water, this penetration . 
depth is as much as 45 mm,' which is more than 100- 
fold deeper than in blood. Conversely, this implies 
that the absorption of 940 nm laser energy in water is 
less than 1% when compared to blood. Since under 
the particular topographic conditions of an endovas- 
cular laser fiber, a laser beam hits the vein wall within 

!a markedly shorter distance than 45 mm, it can beT 
concluded that heat generation by laser absorption I 
cannot play a major role within a saline-filled vein. In J 
this case, a laser beam of less than 1 mm diameter, 
with a fluence of more than 1500 }/cm\ directly hits 
the vein waD, leading to complete perforating ablation 
of tissue (Kgures lAJB and 2A,B). 

Our experimental setup tested this hypothesis un- 
der in vitro and in vivo conditions, providing histo- 
pathologic evidence: In a saline-filled vein almost the 
entire amount of focused laser energy is transferred to 
a small area at the vein wall, while in a blood-filled 



vein the thermal damage extends over a much vAder 
topographic range of the inner vein wall, including the 
perilesional ara and even areas opposite the immedi- 
ate laser impact. This concordance between the in 
vitro and in vivo results suggests a sufficient correla- 
tion and validity of our in vitro model for the in vivo 
situation, despite the fact that under in vivo conditions 
the vein is much more compressed from outside by the 
presence of tumescent local anesthesia. However, one 
could speculate if a reduced, but still blood-filled, lu- 
men of the vein could even facilitate laser-induced 
damage: relatively lower energies would suffice, be- 
cause steam bubbles do not need to be generated in 
•sizes that would be necessary to transfer homogenous 
damage to larger veins. 

Evidence that blood plays not only a key role in ab- 
sorption of 940 nm laser-energy but also in absorption 
of 810 nm and 980 nm laser energy was provided by 
in vitro examination of steam bubble generation, 
While neither normal saline nor plasma were able to 
absorb laser energy substantially enough to generate 
steam bubbles, all three tested lasers produced compa- 
rable steam bubbles when exposed to hemolytic 
blood. Such steam bubbles, in all.three laser systems, 
indicate that blood temperature passes the point of 
boiling at the site of the laser tip, thus transferring 
heat energy homogeneously to the inner yessel wall. 
The formation of these steam bubbles during EVLT 
could easily be monitored real time by duplex scan- 
ning, even allowing a continuous puUback of the laser 
fiber VTith, the laser in continuous wave mode. One 
inay speculate if with such a continuous pullback tech- 
m'que, perforations of the vein wall during EVLT 
could be avoided. However, a too-slow pullback ve- 
locity would certainly lead to a completely perforating 
longitudinal cut in the vein wall. Further experiments 
are needed on this topic. Therefore we hope that this 
improved knowledge about the exaa mode of action 
of laser-induced vein damage may contribute to an im- 
provement of endovenous laser treatment. 
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Endovenous treatment of the greater saphenous 
vein with a 940-imi diode laser: Thrombotic 
occlusion after endoluminal thermal damage by 
laser-generated steam bubbles 

T. M. Procbstlc, MD, AISc,* H. A. Lchr, MD, PhD,** A. Xargi, iMD,* C. Espinola-Klcaii, ^0,*= 
W, Rotfacr, PhD/ S. Bcthgc, MD,* and J. Knop, MD, PhD,* Mairtz ajid Germain^, Gtrmany 

Furfose: Despite a rapid spread of die technique, vcrv litde is known aboac die laser-dssoe intezacdon in cadovcnoos iascr 
czcamicnt (EVLT). We evahiated EVLX of the inoompennt gnam- saphenous vein (GSV) for exEcsuy, xreatmeni-reiazcd 
adverse cfTcxii, axid puodve mechanisms of acdon. • 

MetlndK Twcniv-y rg parit^iTT w?rh j^] Hrnhg nf clmt'inl stagcs Cj^, Ep, P^. with incompctaat GSV provca bv means 
of duplex scanning were sdcczed for EVLT in an outparicnc serring. A 600')jum fiber was «i into the GSV via as 

18-gangc needle below the knee and proceeded to the saphcnofanoral juncuon (SFJ"). After iixfiltnrion of tumescent local 
anesthesia, .multiple laser _pulses of 1 5 T energy and a w aveleagth of 940 nm were adzninistcred alon^ the vein in a 
standardized fashion. D-dimcrs were detcnnined inpcriphcrai blood samples SO minutes after completion of EVLT in 16 
paxicnis and on posniperadvc day I in 20 padcnts. One GSV -that was surpcaily removed after EVLT was examined by 
means of hismpadiology. AddidonaUy, an ccpccimental in vitro set-up was constriiocd as a of invesngadng the 

mechanism of laser aczion within a blood-fiUod tube. - , - 

Bjsulis: A median of 80 laser pulses (range, 22-116 laser pulses \ were applied along the treated veins. On days 1, 7, and A \/ 
28, ail limbs except one snowSi a tfarombodcally occluded GSV. In one patienc, the vessel showed incomplete 

ocdusion. The disonce of the proadmal end of the thrombus to the SFJ was a median 1.1 can (cat^e, 0.2-5.9 on) in the i y 
remaining patimci. Adycxse rfTn is in all 26 padcnts were rrrhymoscs and palpable induration along the thrombotically I \/ 
occfauled GSV that lasted for 2 to 3 weeks. In two limbs (6%), thrombophlebitis of a varicose nabumry required oral 
treatment with didofcnac D"dxmets in periphccai blood were it^ti-rf with normal results in 14 of 16 patsenis 30 mirinn^ 
after completion of the procedure and elevated results in 7 of 20 paticzits at day 1 after EVLT. However, an incrcnsc of 
D-dimccs ftom day 0 to day 1 was observed in 1 5 of the 16 paricQis xmdergoing tests 30 m^fmrr*? after EVLT and on day 

L The 910 nm ]arw imr He mcm^m n^ .hy mr^nK nf in virm rt^^irT-inimTT ^nH Tft«> hi'gmp^rtirtip girni ra nUnari Q? °^ 

ccplanted GSV to act by means of indirect heat damage of the inner vein wall. 
Canduacnz EVLT of the GSV with a. 940 

-nm ri^nfir lascr is cffpfrivr in induciiig' thrombotic vessel ocdusion and is f 
associated with only minor adveise HT***^. Lasers indTirffd indirect local hear injury of the ^""^r vein wall bv ^f^^Tn 

bubbles 

originating ftom boUing blood is proposed as the pathophysiologial mechanism of action of FVLT. (J Vase Surg 2002; ^' 
35:729-36.) 



For maay padcno of dinicd sages C. to C^' widi 
proven incompetence of the saphenofcmond juncrion 
(SFJ) and refluxes along the greaccr saphenous vein (GSV), 
die standard surgical crcaimcnt still Is high ligadoa of the 
vessel and its oibutancs ai die level of the SFJ, widi sobsc- 
qucni snipping of die incompctcnc part of die GSV. In die 
last decade, less-invasive techniques have been fuidicr de- 
veloped, particularly die use of nuncsccnt local anesthesia 
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ladliiatcd ambulatory phlcbcctomy^'^ or high ligation and 
stripping of the GSV."^*' En die last few years, a radio- 
frequency hearing technique has been developed as an 
endoluminal approach with a distaL, microsurgical vein 
access producing excellent cosmetic results.^ One disdnct 
major di&rencc compared with classic varicose vein sur- 
gery is diat endolmnixial radio- frequency solely ocdudcs 
die GSV widiout aifecdng mbucirics at the level of die SFJ. 
Such a snarcgy is parriculariy remarkable, because ic is 
generally accepted that recurrent varicose veins afixr sur- 
gery often have rficir origin in residual tributaries ofthc SFJ 
or in a residual saphenous sump. A reccnc study rhar 
suggested diat, at least with short-cerm foUow-up, ex- 
rended ligadon at the SFJ did not add much when com- 
pared with endoluminal closure of the GSV alone' raised a 
very connovcrsial discussion. More receady, a similar min- 
imaiiy invaswe technique, endovenous lascr crearmcnc 
(EVLT) of the GSV has been innrKluced,' and, in connast 
CO iianscuianeous laser trcatmcnr of rciicuiar veins and 
vcnulccnisias,'*^*' we arc onhr starting co Icam about die 
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Tabic L Characicrisucs of 31 treated limbs of26 
paucnB xvfio underwent cndovcnous laser trcauncnc, 
according to die CEAP dassificarion 



dumber of 
Umbs(%) 



Clinicai spge 

C2 Varicose veins > 4 mm 

C3 Edam 

C4 SJdn changes 

Co Healed t^lrrr 

C6 Aaive ulcer 
Enology 

Primary 

Srfinrifl2ry 
Aoaconxy 

Supcxnczal vans 

Pciibmor vdxu 
Codxtr E/m 
Shcnnan 

Deep veins 
Padiolog/ 

Kcflux 

Obsmcnon 



31 (100) 
25 (81) 
11 (35) 
0(0) 
4(13) 

31 flOO) 
0(0) 

31 flOO) 
17(55) 
U (45) 

3(10) 

0(0) 

31 (100) 
0(0) 



efficacy, adverse cficcn, and mode of acdon of diis novel 
approach. 

This smdy was conducred to obcain more derailed 
dinical and laistopadiological data on the applicadon of 
EVLT m pancnts with dinical stages Cj^, Ep, A^j^ 2^ 
induding an incompetent GSV. An in vitro set-up was 
dcvdoped and used as a means of fiuther dariRdng the 

mnrir nf ^mnn nfPVTT r h f j nn rr Vff g ?5 t? t Tt"l ll. 



METHODS 

Patients^ Paricnis were sdected fi:om oxir phlcbology 
clinic as they "came in for cvaluaiion of specific complainc 
As pan of their routine examinacioa, ail panenis underwcnc 
funaional testing, induding duplex scanning (Sonositc 
180 plus, 4ined, Etiangcn, Germany). When a clinical stage 
C to Cfi with an incompetent SFJ and reflux in die GSV 
were revealed by means of the phlcbologicai cxaminanon, 
and dius an indication for high iigadon and snipping was 
presented, padenzs were asked to choose between dassic ■ 
varicose vein surgery or EVLT. Only rfircc of 29 padcncs 
preferred dassic varicose vein surgery, whereas 26 pariencs 
chose EVLT. However, pariencs made this decision after 
reading information and an addirional personal discussion 
with die physician about EVLT, which, in connast to 
surgery, so fer has no long-term fbllow-op, and the possible 
Deed for addinonal czeanncnt measures, induding classic 
surgery, laicr. Apart from die incompetent GSV, other 
mcompetcnc superficial veins and perforator veins were 
coieratcd, but not treated simultaneously to EVLT. Pa- 
nents widi secondary vaticosis with deep vein re£ux or deep 
vdn obsmiaion were not able to undergo EVLT (Table I). 
AU patients gave wzitccn informed consent in accordance to 
die Heisinfci dcdaraxioiL 

A dm infl ation of laser energy. The whole EVLT 
procedure was exdusively limited co the GSV, and no 



addirional measures like mini-phlcbcctoray or sderother- 
apy were used as a means of treating nibuiarics of the GSV 
simultaneously. Roughly, die protocol was adapted from 
die paper of Navarro et aL® After duplex scanning-guided 
puncture of die GSV bdow the kwe with an 18-gauge 
venous catheter (Vasofix, Btann, Mdsungen, Germany), a 
J-rip guidnvire (0.035-in, Medcx Medical, Rosscndale. 
UK) was advanced by means of duplex scanning control 
toward the SFJ. A 5F angio catheter (Infiniri, 1 00 cm, 0.97 
mm, vcrrebrai. Cordis Europe, 9301 LJ Rodcn, Nether- 
lands) was shortened at the rip with a scalpd by approxi- 
matdy 5 cm to allow passage of the bare fiber more easily. 
The catheter was then forwarded over the guidcwirc untii 
its tip was located approjimatdy 1 cm distal to the SEJ. The 
guidcwire was then removed and replaced by a 600-pLm 
bare fiber with an outer diameter of l.OO' mm (Type 
D-61P0-BF, Dornicr McdizinLaser GmbH, Gcrmering, 
Germany) connected to a 940-nm diode laser (Mcdilas D, 
DomierMedizinLascr GmbH). With duplex scanning con- 
trol, the laser fiber rip was passed through the rip of the 
angio catheter, dnis extruding approximatdy 6 to 8 mm. 
with a final distance coward the SFJ of 1 to 2 cm. The 
correct locarion of the fiber rip could also be verified 
visually: in the darkened opciarioii dicater, the ted (645 
nm, 1 mW) pilot beam .was detectable cranscutaneously. 
Tumescent local anesthesia was then infiltrated along the 
GSV fix5m the SFJ down to the point of accc^, as described 
elsewhere,"* and given 5 minutes to establish the anesthcric 
eSect before the Starr of the laser treannenL Laser energy 
was dcliycred in a pulsed fashion wi th a l-second on and a 



second off p e riodTDming dii. on puiiud, Ij J ufla 



energy Wert QcMivencd wim a power of 15 W. During die off 
period^ the fiber rip was retracted 5 to 7 mm. 'fhis cvde was 
repeated until a distance of 1 cm to the puncture site of the 
GSV was reached- In this manner, the laser trannent of the 
cnrire GSV lasted 3 to 5 minutes. Subsequenriy, the cath- 

- ctcr was removed, and the parient received a fiill rhi^h class 
n compression stocking, resembling an ankle pressure of 
30 mm Hg, and was advised to walk immediately, Addi- 
rionally, as a prccaurion without any fiinher rarionaJe,' 
low-molccnlar-wc^t heparin was administered subcuta- ^ 
ncotisly for 5 days for thrombosis prophylaxis (Fragmin P. 
Pharmacia & Upjohn, Eriangcn, Germany). 

Concomitant duplex ultrasound scanning examina- 
tion. All parients underwent duplex ultrasound scanning 
cxaminarions before EVLT, during EVLT, and after EVLT 

- on days 1, 7, and 28. During the course of the examina- 
nons, p arirni s underwent scanning for refluxes in superfi- 
cial vcins,.in the deep vein system, and also in perforating 
veins. Parieuis with an incompetent or ocdudcd deep vein 
system were rr rinricd from EVLT. Concomitant incoii^>e- 
cent perforaror veins or padioLogicai findings in che super- 
ficial vein system were recorded, bur did not prevent pa- 
rients from receiving EVLT if the GSV was open and 
incompetent firom the SFJ down to bdow the knee. 

Duimg EVLT itself^ duplex scanning was parriculariv 
helpful in idcnriRdng the GSV at the puncture sire, when 
necessary after nill length down-scanning of the GSV from 
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the groin or up from the onkic Duplex scanning was 
hinhcr an imporanc means of localizing the precise posi- 
rion of the laser tip dose to the SFI before adminisiiation of 
cumcscent local anesthesia, because afterward, because of 
the massive subcutaneous fluids, recognition of anacpmical 
snuourcs was almost impossible. 

Widi scheduled diiplcx ultrasound scmning connoi 
cxuninations on days 1, 7, and 28, a fiiU-iength scanning of 
the treated vein was included as a means of demonsuaring 
homogeneous tfaxombodc ocdusioo. Ocdusxve thrombo- 
sis was supposed when the vein was completely fiDcd by an 
incompressible hypoechogenic mass and when qo fluxes 
were detected within the vessel. lumen. Similarly, in the 
region of the SFJ, the proximal ending of the thrombus was 
determined by means of compression and deiccdon of 
fluxes. The distance of the proximal thrombus ending 
toward the juncdon with the deep femoial vein was mea- 
sured. At day 28, the hypocchogcnidty of the dirombus 
had almost disappeared. However, the lack of fluxes and the 
remaining incompressible vessel still allowed sufficient con- 
clusions. Additional scanning of the deep vein svstem ex- 
cluded a chrombodc affircnon theze. 

'Testing for D-dimcrs in peripheral" blood. After 
dctccribn of EVtT-induced thrombotic occlusion, rather 
than an immediate dgsurc of the' GSV, we scheduled 
D-dimcr testing for every padent. With the exception of the 
fiisc six pancnts, D-dimcr values (Tinaquanc D-dimer, 
Koche Diagnostics, Adannheim, Germany) were scheduled 
to be determined from blood samples obtained 30 minutes 
and 1 day after the EVLT procedure. According ro the 
Hianu&cmrex'a dACA aLllu, D ' dimci. valuLA below 0.50 
mg/L were considered to be within normal limits. How^ 
ever, because of oechnical reasons, blood sampling &iled in 
four paricnis 30 mi'miTr^ after EVLT. 

Histopathologic examination. One patient gave in- 
formed consent to undergo EVLT as part of his routine 
vaiicQSc vein surgery procedure, which included extended 
high ligatioir of the SFJ and subsequent stripping of the 
iiicompetent pans of the GSV. EVTLT was administered 
inomcdiarcly after completion of extended high ligation, 
bur before snipping of the GSV. The treated vein was left in 
place for another" 15 minurrs and then removed by means 
of snipping. The removed vein was photodocumentcd (Fig 
1, jA) and histopathoiogically examined with hematoxylin 
and eosin-staining. 

Mechanism of laser action. As a means of evaluating 
the mechanism of action of the 940-nra laser beam within 
the vein, an espeiimencal set-up was designed (Fig 3, A). A 
silicone tube wiili an iimer diameter of 6 mm was con- 
nected CO a transparent cube with an inner diameter of 2 
mm. The tube system was then with hepariizized 
blood, from the opposite side, the laser fiber was inserted 
into the middle of the silicone nibc. Dificrcnt amounts of 
laser energy were then applied by means of variation of 
cither laser power or pulse duration. With each Laser pulse, 
the rrrmsto a of tiie volume within the system was 
by documenting the change in the blood level within rhr 
2-mm mbe. A cylindrical volume rr^lmtai^ as V = h X irr^ 



(eg, if a laser pulse produces a movement of the blood level 
ofh = 54mnL, the laser generated steam volume calcuiaics 
as V= 54 mm Xtt(1 nun]* = 170 mm', corresponding to i 
a steam bubble Icagdi of 6 mm in a tube with a diameter of /j^^ 
6 mm). The temperature of the steam bubble is supposed / ^ 
to be dose to 100" C and, once generated, should stay on' 
this level constantly throughout its increase of volume, as it 
is known in the physics of phase transitions. 

RESULTS 

Twenty-six patients, 21 with unilateral' and 5 with 
bilateral incompetent GSV, received EVLT bv means of a 
940 -nm diode laser with tumescent local anesthesia, ^?ine- 
teen parienc were women (73%), and seven patients were 
men (27%), with 22 and 9 limbs ireared, rcspcaivcJy. The 
median age of the parienc was 57 years {range, 27-83 
years). Before treatment, the median diameter of the GSV 
was 6.0 mm (range, 4.0-9.9 mm) at the level of tiie SFJ. In 
our relatively small cohort wiii a spectrum of clinical sciges 
(Table I), the GSVdiamercr did not cotielate with the body 
mass index of the patient (data not shown), the median of 
which was 26.6 (range, 20.0-39.7). The median amount of 
iniiltTated tumescent local anesthesia was 650 mL per limb 
(range, 250-1000 mL). 

Technical skills. Initially, before the use of duplex 
scanning for guided puncture of the GSV, access to the 
GSV feiled in two of seven patients. These two panenis 
underwent subsequent classic surgery. In four additional 
cases, insertion of the guidewirc ftom below the knee ro the 
SFJ was not possible in one step because of pronounced 

mimusliy uf the GSV. In three of chese four' asta ras 

additional puncture of the GSV approximately 15 cm above 
die knee allowed treatment in two pans. In one case, EVLT 
was limited to the proximal 20 cm of the GSV because of 
die technical inability to obtain access co the more distal 
part of the GSV. 

However, in all cases, duplex scanning-controlled 
placement of the fiber tip was achieved witiun a distance of 
1 CO 2 cm distal &om the SFJ. In patients who were not 
ovcrtiy obese, this position could be visualized by means of 
transcutaneous illuminanon of the pilot laser beam. In our 
series of 31 limbs in 26 panenis, this was true in four limbs 
of liirce male patients with a body tnass index between 31.5 
and 39.7. However, even in those obese patients, transcu- 
taneous detection of the laser pilot beam was possible after 
applying genrie pressure co the overlaving skin. 

££Eects of endovenous laser tzeaonent. Durii^ 
step-wise removal of the laser fiber, a median of 80 pulses 
(range, 22-116) of 15 J energy each were dciiverctl, corre- 
sponding to a distance of 5 to 7 mm between laser pulses. 

On days 1, 7, and 28 afbcr ueaun ent, thrombonc 
ocdusion of the GSV was noted in all cases. In 30 of 31 
limbs (97%), die thrombotic occlusion was complea firom 
the distal puncture site, reaching proximally up to a median 
distance of 1.1 cm (range, 0 J-5.9 cm) kom the SFJ. In one 
limb, the proximal ocdusion of the GSV foiled over a length 
oi"20 cm despite complete occlusion of more distal pans of 
the GSV. The diameter of the GSV at tiie SFJ was 9.9 mm 
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Kg 1. ^^CID5copic and microscx^pic hcomoxylm. and cosin-scuncd hkcopaiiiologic Gcanunanon o£ a. GSV rhar has 
undergone EVLT before scopping- A,-Otnrr surfecc of die cndcsvcnousty lascr-iicaEcd GSV. Daric spots resembling 
orbonirarion, or even full pciferanon of the vein waA, were caused by direct irnparr pf die 940-noi laser beam. B, 
[ndmal trar nexc to a aon-pcifbiaaag User hit. C, Vein wall disrupdoa ciuscd by direct laser im pirT 0^ High 
rnagnificarioo of the margiii acea of vein TvaU disn^nion showing pronounced tfacnnal damage, lochiding caiboniza* 
don. 



and, chcrcibrc, die largcsr diamcicr of die whole sexics. 
Addidoaally, in diis padcnL, wc found by means of duplex 
scanning comrol a large caliber tiibutaiy with higjii blood 
flow feeding die GSV at ihc distal open poinc 

Adverse cfiEcccs. A&cr the local anesthetic jcStcz sub- 
sided after EVLT, slight co moderate local pain was re- 
ported by all patients over the trcarcd vein- Also, moderate 
ccchymoscs, most likely caused by laser-induced pcrfbru- 
don of ihc vein wall, could be obscrv^ in every patient at 
die inner thigh and iaiec t^on &om die next day co 
approsinntciy 2 weeks later. However, these ecchymoscs 
were not as pronounced as they arc usually with dassic 
vaxicose vein surgery, and no hematoma was found. For tiie 
first 2 to 3 weeks after EVLT, also a slighdy shorter period 
than frequently observed with classic surgical procedures, 
anindutanon was palpable along the treated GSV, and this 
was C3Cpc ricnc ed by the paiiens as slight to moderate pain 
dunng rrrrnrirri movement of the leg. A duombophlebidc 
iraodon developed within an untxeaied varicose triboxary at 



the distal thigh in two pancnis 2 and 5 days after EVLT. 
Oral cteaimcnt with didoienac (75 mg, slow release, dircc 
dmes a day) resulted in immediate pain control. Hypcrpig- 
mentation developed in one panent over die thrombod- 
caily ocdudcd GSV, which was still visible at 4 weeks aitcr 
EVLT. All other padenis were &ec of adverse efEccts at 4 
weeks after the procedure. No other adverse c&cts or 
complicadons were reported. 

D-dimers in pczipiieral blood. In 16 padcns, 
dimer levels in penphezal blood wcxe evaluarrd inimcdi- 
aiely after EVLT, and in 20 padenis, blood samples were 
drawn on day 1 after EVLT (Table EE). D-dimcr levels were 
tested with normal results in all samples except one ob- 
tained 30 minines after EVLT, with a median value of 0.39 
mg/L (range, 0.0^-0.80 mg/L). When D-dimcr levels 
were tested at day 1 after EVLT b 20 paricnis, a median of 
0.43 mg/L (range, 0.24-1.73 m^/L) was found. How- 
ever, only seven blood samples showed D-dimer levels 
exceeding die upper limic of O.SO mg/L. Althbi^ die 
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Table IL D-dimcr Icvds in 


pcriphcraJ blood of padcnts who ondcrwcnr cndovcnous laser 


trcaTmeni 




30 minuas afar 

evlt' 


i day aficr EVLT 


Bjmo Iday/BOmm 


Pancna widil limb crcaxcd 
Fanous widi 2 limbs ocaied 

Jul narintrc 


Median 0.30 mg/L 
(range 0.09-0.80) 
Q = IS 

Median 0.45 mg/L 
(range 0.44-0.48) 
a = 3 

Median 0.39 mg/L 
(range 0.09-0.80) 
n = 16 


Median 0.33 mg/L 
(range Q J4-1.73) 
n= 16 

Median 0.68 nig/L 
(range 0.50-0.91) 
n = 4 

Median 0.43 mg/L 
(range 0.24-1.73) 
n = 20 


Median 1.39 
(range 0.88-3.67) 
a =13 
Median .1.82 
(range 1.15-2.02) 

Q S 3 

Median 1.43 
(range 0.88-3.67) 
Q== 16 


EVLT, Endovcnoiis laser ncanneac • 



absoiatc vahics remained mosdy within nonnal limin, D- 
dimcr Icv^ were shown by means of innaindividiiai cval- 
uarion co increase from day 0 to day 1 in 15 of 16 patients 
who underwent both tests. The median increase ratio was 
1.43 (range, 0.88-3.67), reflecting the process of dirom- 
bodc occlusion of tiie GSV. When. separating the paticac 
who received unilarcial EVLT from paricnis who had a 
bilataal procedure (Tabic H), it looks as if patients .with . 
both limbs* trcarcd did not present rhc very low D-dimer 
values that arc occasionally observed in patients with one 
limb ocared. Hiis observation might relate to two dirom- 
botic processes instead of one, but also migfas be influenced 
by die riirombodc process having proceeded somewhat 
more in die first limb of those patients with bilateral EVLT. 
Unfbrmnatdy, die numbcn aic in -Tabic- II and 



chercrbre do not warrant scansncai analyse. 

Pazliologic examination of the eadovenons laser 

Uci i i wmr stripped vein. Macroscopically,' the vein wall 

showed reddening, carijonizarion, or even perforation at 

chose sices where the fiber tip was closest to die vein wall 

duriAg delivciy of laser energy (Kg 1, A). T^i rh '- r gross vein 

wall destruction associated wirii direct iinpact of the laser 

beam (Kg l^B-D) or less pronounced heat-mediated vein 

waU injury (Kg 2, 5, C:) was demonstrated bv means of 

microscopical examination of <:oircsponding hcmatoryiin 

and cosin-siained slides. The heat injury dcxnonsnated in 

Kg 2, B and C, was consistenriy iccecnible along the 

distance of 5 to 7 mm of vein wall, between die direct 

impact of two laser impulses, and. is, in our opinion, the 

basis of a subsequent homogeneous dirombbtic ocdusion 

of the vessel At those sites of direct laser action, the most 

desuuLUve patterns of tissue damage can be observed: 

perfecaiing and non-peifocating vaporization of the vein 

wall, carbonization of die adjacent tissue margins, and 

iniimal tear b response to the explosion-like delivery of 

high energy densities, called photo-disruption- However, 

bccsusc astripping was performed after EVLT, some of the 

dcsxiuction obscnred, like intimal tears, inay originate from 
the strq>ping procedure iisel£ 

Mahanism of action of the 940-nm diode laser. 

Adminis tration of di ffer e n t amounts of laser energy in die 

m vitro set-up was used as a means of evaluating the 

puntivc mechanism of laser action within the vein (Kg 3). 



During die experiments widi heparinized blood in a sili- 
co^e tube, we observed that a steam bubble formed during 
delivery of lasix energy, and.it collapsed immediately after 
discontinuation of the laser pulse. When we plotted the 
masdmum volume of die lascr-gcnciatcd steam bubble 
against die anaount of laser energy delivered, it showed a 
linear condanon (Kg 3, Q. As calculated in the Methods 
section, a typical laser pulse with an energy of 15 1 produced 
a steam-bubble of approximately 6 mm in a 6-mm diameter 
vcsscL As shdwn in Kg 3, C, die formation of a steam 
bubble required a threshold energy of about 1.5 J. This 
ducshold energy is ne ed ed to heat up the surrounding 
blood until it reaches boiling tcmperamrc A laser pulse 
energy below this lewd would only heat die blood, without 
any srram bubble fortnation. 



DISCUSSION 

The ptinc^al findings in this studv is that EVLT with a 
940 -tun diode laser system, when pczformod ""rfyr tumcs'- 
ccnt locaf anesthesia, is a dinically feasible and wcU-toIcr- 
atcd technique. Beausc of vein access via an 18-gau^c 
neetile, it is a auiy minimal invasive procedure, leaving a 
virtually invisible scar dn the patient's "<lqn 

The efficacy of EVLT in obtaining caiiy occlusion of 
- the GSV is.very satisfeanry. Even if diese arc very early 
results, immediate closure rates of 97% "m our scries and 
100% reported by another groi^ with the 810-nm diode 
laser^ provide a rationale for fiirtfaer evaluating this new 
mctiiod* 

A major emph asis of dus study was placed on the 
mode of action of this novel technique: teclmically, the 
dcpdi of penetration of a 940-am laser beam into blood 
is only approximately 0.3 mm.^^ Also, die laser beam 
remains focused to a very small spot after leaving the fiber 
rip. Although these characteristics of the laser beam 
could explain a focal perforation of the vein wail (Kg 1, 
Q D) immediately adjacent to die fiber tip, this would 
not adequately explain the widespread injury to the vein 
wall observed in the vicinity of the perforation sites (Fig 
2, 5, C). With our in vitro set-up, we could identify 
steam bubble formation at the laser tip (Kg 3, B). The 
volume of die lascr-gcacratcd steam babble correlated 
direpiy to die laser energy (Kg 3, Q. Because such a 
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3. Indueoc, sisun babble-mcdiaxcd tfaczntal damage afier 
EVXT, several mflliTnrrm away fiom aieas of dirccx laser impacL 
A, Congob Qonoal vackose vdn a&er scxippiog widioui eaifier 
EVLT, widi ifTTT^cr endoilicfinni and disdDCCCcihiJar coniouis. The 
andd aic round m ovaL B, EVLT xesulccd uy a fift-off of cndo- 
rtiHiiJ ccfls, 3 denudanon of tiic ^rrn m^^^ loss of rrllnlar mnmti^^ 
and fibziii deposzooa. Addioonally', sozne areas show cnazkcd vac- 
uolizaxxon of ccUs or even spongiosis. C, Swelling and waxy ho* 
mogcznzanoa of coilagca: Focai.aagiilaiioa nccrosu widxiiL die 



stcsun bubble fennanon is expected co occur \viTliiii ihe 
vein lumen during EVLT, we propose jhz\ ihis phenom- 
enon accounc for the thermal injury to in excendrd 
surface of the inner vein wall. 

In a recent paper, Sadick ct al^° reported histoparho- 
logical alccradons of reticular veins and v^cnulcctasias after 
cxanscutaneous neoctymium/vtizzum-aluzsinuni'gamet la- 
ser arcannent char compare wtil with our findings. This 
opens the question of whether slso in transcutaneous laser 
trcamcnt of smaller veins die cmciai damage of the vein 
may involve a similar steam bubbic-mcdiatcd. hence indi- 
rect, dicrmal injury, rather dian die immediate hi^y fo- 
cused damage by the laser beam itsclE 

Steam bubble fbrtnadon Is a local, instanmncouslv 
reversible phenomenon that, after collapse of the bubble, 
poses no risk, such as gas embolism, co the patient. 
However, the extensive heat damage of the endothelium 
and the intima. does induce die desired efifecc fixU- length 
thrombotic occlusion of the vein. The complete throm- 
botic occliision, however, is not detectable immediately 
after EVLT, but can be recognized at day 1 by means of 
a simple duplc:c scanning examination, which shows an 
incompressible, hypocchogcnic cord in the lumen of the 
saphenous vein. This dirombotic occlusion is also re- 
jected in all patients with an increase of D-dimer levels in 
peripheral blood by a median fector of 1.43. Because in 
our study and another study^ no EVLT-induccd deep 
vein dirombosis occurred, it seems very unlikely that the 
EVLT-induced dirombotic process of the GSV has a 
concomitant risk for deep vein thrombosis, as is known 
for ^perfi dal bfarombbphlebid^." Howevtf, it remains 
unclear whether such an hypothetical risk of deep vein 
thrombosis docs indeed exist or whether it is only so 
much lower compared with superficial thrombophlebi- 
tis^^ that it can only be detected in a larger series of 
patients. 

Other commonly observed adverse elfccis with EVLT 
arc induration aloi^ die GSV and mfld-a>-modcratc ecchy- 
moscs. These ecchymoses, present for approximately 2 
weeks, could be a coSlmetic problem for patieiOcs who are 
expecting a minimally invasive, barely invisible treatment of 
riieir GSV incompetence. In this rcspca; EVLT would 
compare unfitvorabhr widi endolumxnal radio- frequency 
closure. However, when weighed against the potential 
nerve damage after endolnmfnai radio- frequency treatment 
with subsequent skin parcsthesis in as many as 16% of 
patients/ such an entirety reversible adverse ^&xx seems 
quite acceprabie. 

Less frequent adverse eficcis, like thrombophlebiris of 
untreaccd rriburaries or appearance of hyperpigmenotion 
along the GSV, need to be followed and documented as the 
number of patients and EVLT proccdtores increase. Ac least 
the risk of thrombophlebitis could be avoided complexly if 
varicose tributaries, unlike in the present scries, are nrcated 
in the same session (eg; wirii mini-phiebcccomy).'^ 

Hnally, it remains to be established whether EVTT 
ind uc es elective long-term occlusion of the treated veins. 
Rccnrxent reflux,* cither oiiginaiing from die SFJ or reoc- 
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Hg 3. A, Scfaonazic dizwing of the in-vicro sei>ap for examining die iaser-generarrd scenin bubble fomndoa. The laser 
fiber was insencd inoD a sQicooe mbe of 6-izim-dxameEer fiBcd with hcpatinized blood. Daring deiivexy oflaser energy, 
bcadng and boiling of the blood finaiJv lead to die fbrmaoon of a socam bubble, pushing die corresponding blood 
volume out of the tube. Thus, dicr-axovcmcm of die blood level in the wriaii^ 2-mm-cfiamctrr cube allowed die 
ralmlarina of die volume of the smam bubble in reverse. B, Visible steam bubble fennaiion during delivery of a laser 
pulse of IS J. C, Dependency of the steam bubble volume for various amrmTTr* of energy ddrvcted by the laser.beam. 
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culling widiixi rrranalircd pans of cbc GSV, has co be 
followed doseiy. Only tong-cenn fbilow-up m prospcaivc 
oiais will be able cd answer diis quesdon. 

We thank Mis Wdngaitner for skilled technical suppon 
and Mis Gaimer for cxcelienr prcpaiazion of the samples 
for histopadiologLcal cxaminaxion. 

n K n » inCfTT?.^ 

L. Cohn MS, Sdgcr £, Goldnon 5. Ambuhmxy phlcbcoDmy usng m* 
mrtrmr ccdmiqtjc fiar local anrtrhrria ' Ocrmaaol Surg 1996;? 2 -ftS?- 
62. . . 

tsnxy. DcfTTwmt Surg I998;24:4S3-6. 

3. ProcbnteTM,Paepdx U»WQsdG,eiaLHighBsarirmamriffTTppbgDf 
die long saphenous von OTin^ ifiy OBzicsccfiS SBcfaxitG|Uc for lool 3IIS~ 
chcsia- Dcnnnrot Sorg 1998v24.'453-^. 

4. Sadid; NS, Schamcr H. CoTabincd high Gganon and sab avilaon for 
varioisc vdns in an ompadau soring. Dcnnaml Suig 1998*^4:475-9. 

3. Bush RG« - Hammond KA. Tumcscenc technique for kmg saphenous 

stripping. I Am CoQ Sux^ 1999;189:626-S. v. 
6. Goldman MP. Qowire of the pgagraphawMi vqn wMi mrinhimfnai 



rOURNAL OF VASCULARSUKGEFA' 
ApDl2002 



nd2o-(rcqucocy ifaaxaal hcadng of die van wall in combinaEion with 
irabuhxDty phlrlwi irimy: prrRminniy 6-mondi follaw-up. Oomaxol 
Surg2000a6.-*52-6. 

7. Chandler TG, Pidioc O, Scssa Ctx aL Defining die role of extended 
•saphuiciJcutofaJ pmcnon figaoon: a pzDspccnvc compaxadve soidy. I 
Vase Surg 2000;32:941-53. 

8. Navano UMinR, Bone CEndovcsousbscr a new minimally invasive 
mcdiod of miraaiiofvaxioQse vems— prcEminary obscmdom using 
an 810 mn diode bscr. OctsBSo! Surg 200107:117-22. 

9. WdssRA,Weis$MA.£ariyc&mcairaulawithamuhiplc9ynduonizcd 
puise 1064 nm laser for leg teieangiccctsics and redcuiar vans. Dcnna> 
lol Surg 1999;25J99-402. 

10. Sadicfc NS, Pcicco VG, Shea CR. a aL Clinical and padiophyaalogic 
go i nljrn of 1064-nm Nd,TAG laser ur jui icn i of rcdcuhr veins and 
vcnulecBsias. Aich Dexmaml 200m37:613-7. 

11. KogBuA,JncbdM,I>6isdidlsaaLOpdcalpioperTie3ofdrcuiadng 
hnnan blood in die wavdosgdi mage 400-2500 nm. J Biomed Opc 
1999H.36-46, 

12. Bclc3roG«^^lcobudcsA^l,£rziduBM,ecaLSupa£d3ldlrombophle- 
bids of the legs: a randmnizcd, connoUcd, foUow-up soidv. Angiology 
1999;S0:S23-9. 

SufamiccEd Aug 15, 2001; a c e epird Oa 12, 2001. 



APPENDIX 3 



IN THE UNTTED STATES PATENT AND TRADEMARK OFFICE 



Appl.No. 10/699^12 ConfiimadonNo.: 2780 

Applicant : David R. Henrdngs et al. 

Filing Date : October 30, 2003 

Title : Endovenous Closure of Varicose Veins with Mid Lofirared Laser 

Group Art Unit : 3739 

Examiner : * David M. Shay 

Docket No, : 15487.4002 

Customer No. : 34313 



Mail Stop AMENDMENT 
Commissioner for Patents 
PO Box 1450 

Alexandria, VA 22313-1450 

DECLARATION OF DAVID R. HENNINGS 
I, David R. Hennings, do declare and say as follows: 

1. I am one of the inventors named in the abovo-identified application. 

2. Attached hereto as Exhibits A-E are, respectively, true copies of product literature 
published by Domier MedTech, biolitec, AngioDynamics, Vascular Solutions and Diomed, 
respectively. 

Further, Declarant sayeth not: 



CERTIFICATB OF MAIUNG (37 CFR §1^) 

I hereby certify, picnsuant to 37 CFB §1 .6. that I have reasonable basis to expect that that thte paper or fee (atorig with any rufen^ to as 
bdng attached or enclosed) would be nriaDed or transmitted on or before the date indicated with the United States Postal Service with 
sufficient postage as first dass mail on the date shown below in an envelope addressed to Mail Stop Amendment. Convnlssfoner for 
Patents. PO Box 1450. Alexandria, VA 22313-1450. 




Applicant 
Appl. No. 
Examiner 
Docket No. 



David R. Hennings et al. 

10/699^12 

David M. Shay 

15487.4002 (Formerly NSL-501) 



I declare under penalty of perjury that the foregoing is true and correct Executed this 3^ 
day of . Jc/wx^ ^ 2005 at (Rs^/^ 




DOCSOCl:164S38.l 



2 




□ FOR 



L 



J 




NEW VenaCure"^ Procedure Kh 45cafn 


11402001 


NEW VenaCure™ Procedure Kit 65cm 


11402002 


Precision 980™ Laser 


11400201 


Laser Safety Glasses 


11401601 


Physician Welcome Kit 


m0230l 


Patient Brochure Holder 


11402601 


Patient Brochures 


1140Z701 


Patient Education Video 


11402501 


Patient Direct Mailer Card 


11402801 



AngioDynamics* 



Ar>gioDynamics? Inc. *' 

603 Queensbury Ave^ Queensbury, NY 12804, USA. 

Phone: 518-798-1215 Fax: 518-798-1360 TofrFree USAz 1 -800-772-6446 

www.angiodynamicsxom 



VmaCure. Preddon.SIO. Precision 960, Tr&Sheaih, and SheatfHi}k 
are trademartcE of Ani^oDynanua^ Inc. 

AngioDynamics is a regisnyad vademait of AngioDvnsmics.* Inc. 
US Pateros and Foreign Cpuntcrporis Pending 

O AngioDynamics.^ Inc. 2004 MUC 125 Rev. O 10/04 



Best Available Copy 




r IDS REFERENCES H 




□ FOR 



L 



J 




Vari^Lasi 



% it 



VALVE 

Vascular Solutions' commitment 
to helping you build a successful 
vein practice 




Professional Products 
Professional Service 
Professional Support 



vascular 

TSOLUTIONS 



Van-Lose Value... all the professional products, sendees 
and support you need to biiilda successful vein practice 




A complete line of professional Vari-Lase 
products for endovenous laser therapy 

. Vaxi-Lase procedure idts 

- Vari-Lase 810 Laser Console 

• Fibers, caxiicters and other product accessories 

Vari-Lase products arc designed with the vein practice in mind. The Vari-Lase 
kit is not just a booc of components but a professionally designed procedure kit for 
endovenous laser treatment of superficial venous reflux. This kit comes in a variety of 
configurations. In addition. Vascular Solutions ofiers a lull line of roicro-introducer 
kits, tsear-away kits and guidewires ~ everything you n^ 

nin fling jgrnr^ lily 



Physician Training - Clinical & Business 

Vascular Solutions is dedicated to providing the finest vein care training available 
for physicians and their staff. 

With training centers located throug^ut the United States and Germany, Vascular 
Solutions ofieis its partners the most compiehensrve education available on the 
rlipiral procedujes and practice management of total vein care. 



Marketing & Advertising Support 

Vascular Solutions provides real assistance in getting the word out about your 
vein practice. Marketing assistance inrlnHpjc* 

* Selection of customized display ads designed fi>r use in newspapers, yellow 
pages and various graphic designs 

* Set of customizable press rdcases for use in a wide range of [niblications 

* Consultation with a deagner when preparing advertisements 

* Poweipoint presentation on vein /^i-q^gp for use in public fbriuns, such as 
health &its 
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Vari-Lase- the professional oufovenous laser 
pTDceduie kit. 



'. PnifessionaL 

Vari-Lase is not just a box of components but a 
professionally designed procBdure kit for eivlovenous 
laser treatment of superficial venous reftux. 

The Vari-Lase proceduie kit is indicated for ttie 
treatment of vartoose veins associated with superficial 
reflux of the great saphenous vein. 
The Vari-Lase procedure kit can be used in conjunction 
with any soikl state diode laser console accepting a 
standard SMA-90S Gonnector and operating at a 
wavelength of SlOnm, 940nm, or 980nm and a 
masdmtjm power of 15W. 




Duett; Ou^Pro, Diagnostic Duett Pro, D-Stat Prmto and Vail-Lase are trademarks of Vascubr Solutions, Inc. Acotysis Is a regstsred tn 
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Equipment 



EVLl* b perfomied wnh a 15 watt» SIOiwi DIOMH> Diod^ 
Laser that is 

Compact and portable ~ frts in the treatment rcx>m and can 
be transported easfl/ 

Quick to set up - runs from a standard electrical wall socket; 
ready for use in seconds 

Easily maintained — designed as a soHd state system and has 
no moviiig parts 

Easy-to-use — gives immediate access to treatment options 
and operating modes 

Versatile — can be used in transdermal applications to treat 
spider veins and smaller vascular lesons (030 Plus) 

Disposable accessories are provided In a convenient "sir^e use" 
EVLT* Procedure Kit that indudes: 



• EVLT* laser fiber with 
SiteMarks" 

• Percutaneous entry needle 
or micro-access kit 



• Guide v«re 

* Custom introducer sheath 
Yfxth graduated markings 
(standard and lor\g ver^) 



PRECISELY THE RIGHT WAVaENGTH 

The spedfic 81 Onm wavelength used in EVLT* is set to target vein 
treannent. la safety and efiicacy have been tested and proven in 
multiple dinical studies. 




A red linwtr beam idendfies ihe exscx podikMi ef iht fber within tfw v 





SpecaTisis in Intgrvendonal Raddosx. 
PWefcoiogy.aodViscubr Surgery hdped design 
the EVLT' procedure kii wnh :heir paxiems and 
pncoces in mind It is easy a> use, eoononucsL 



Safety Ensured: The first SceMarfc'" veSs 
the user dm (he fiber dp is at the end of xhe 
sheash. Dtmc the sheath back to (he second 
Sorftefc' fari^p ihB fiber ouc three mvinBotn 
and pcsidans k piBpcrV ac die aphenofamoraJ 
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